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(54) Output circuit for a PWM inverter 

(57) A PWM inverter output circuit enabling circuit 
integration, having a fast response characteristic, and 
unaffected by dv/dt transients is provided. A predrive 
circuit 1 7 drives a power circuit 1 1 comprising first and 
second power elements P1 and P2 by controlling the 
gate and source potential of the power elements P1 and 
P2 based on a stored control state. The control state is 
detected from a logic signal output from an input signal 
processor 13, which converts a command signal 



instructing turning on and off the power elements P1 
and P2 to predetermined logic signals. Operating power 
is drawn from a main dc power source V1 , a control 
power source V2, and a power supply capacitor C1 that 
is charged using an output voltage from the control 
power source V2. The gates and sources of the power 
elements P1 and P2 are connected together. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to a power circuit 
of a pulse width modulation inverter used far pulse width 
modulation control of the winding voltage in an electric 
motor. 

BACKGROUND OF THE INVENTION 

[0002] Pulse width modulation (PWM) anverters for 
motor control applications have become (common in 
recent years. A PWM inverter controls motor operation 
(driving) by controlling the voltage supplied to the motor 
by means of pulse width modulation. A common PWM 
inverter of this type is described below with reference to 
a typical block diagram thereof as shown in Fig. 20. 
[0003] In the PWM inverter, the effective voltage and 
base frequency of a three-phase ac voltage waveform 
supplied to a motor 360 are first set in a frequency reg- 
ulator 358. The PWM control circuit 359 then generates 
a tfiree-phase PWM signal based on the voltage and 
frequency information set by the frequency regulator 
358, and outputs this three-phase PWM signal as 
switching command signals 342, 361, and 362. 
[0004] The switching command signals 342, 361 , and 
362 are two-value signals controlling whether motor 
winding terminals 352, 363, and 364 connect with the 
positive or negative terminal of a main dc power source 
314. The frequency of the switching command signals 
342, 361 , and 362 is also known as the PWM carrier fre- 
quency, and is typically a frequency at least 100 times 
the base frequency of the three-phase ac voltage wave 
supplied to the motor 360. 

[O005] As a result, the PWM carrier frequency typi- 
cally ranges from 2 kHz to 20 kHz for a base frequency 
of 0 Hz to 200 Hz in the three-phase ac voltage wave 
supplied to the motor. 

[0006] The motor free signal 356 is a two-^/alue signal 
controlling whether the motor is set to a free-run mode. 
When the motor is set to this free-run mocte, the motor 
winding terminals 352, 363, and 364 are ofeconnected 
from both the positive and negative terminals of the 
main dc power source 31 4 to protect the motor and con- 
trol equipment when trouble occurs. 
[0007] The PWM inverter output circuit 353 is a semi- 
conductor switching circuit for controlling connection of 
the motor winding terminals 352, 363, and 364 to the 
positive or negative terminal of the main dc power 
source 314 based on the switching command signals 
342, 361 , and 362 input respectively thereto. 
[0008] An exemplary PWM inverter output circuit 353 
is described in Japanese Patent Laid-Open Publication 
No. 6-284740 and shown in Fig. 21 . Referring to Fig. 21 . 
a signal equivalent to the switching command signals 
342, 361 . and 362 is input to an input terminal 203, and 
a signal equivalent to the motor free signal 356 is input 



to another input terminal 201. Motor winding terminal 
352, 363, or 364 is equivalent to output terminal 205. 
The main dc power source 314 is equivalent to power 
source Vb. A distinguishing feature of this PWM inverter 

5 output circuit is that a switching operation with zero 
dead time is possible. More specifically, an n-channel 
power MOSFET 301 and a p-channel power MOSFET 
302 are used as the power elements of a power circuit 
for outputting a predetermined high or low voltage from 

10 the output terminal 205 in this circuit, and the MOSFETs 
301 and 302 are connected with common gates and 
sources! 

[0009] It is therefore possible to alternately switch the 
power elements 301 and 302 on and off, switch the out- 

75 put terminal 205 to the positive or negative side of the 
power source Vb. and thereby output a high or low volt- 
age by controlling the common gates of the power ele- 
ments (MOSFETs) 301 and 302 using constant current 
elements (transistors) 1 19 and 229. Note that because 

20 of the common gate and source connections of the 
power MOSFETs 301 and 302, they cannot both be 
simultaneously on. PWM switching control with zero 
dead time is thus possible. Zero dead time switching 
control also prevents control error from occurring in the 

25 power circuit, thus suppressing motor noise vibration 
and torque fluctuations, and reducing power consump- 
tion. 

[0010] In a PWM inverter output circuit related to the 
above mentioned invention, the constant current ele- 

30 merits (transistors) 1 19 and 229 operate at a high volt- 
age level, typically on the order of 300 V. The constant 
current elements (transistors) 119 and 229 thus pro- 
duce heat when the power elements 301 and 302 switch 
on and off, and thereby inhibit further reductions in the 

35 size, power consumption, and cost of the circuit. 

[0011] Circuit integration is widely known to be an 
effective means of reducing size, power consumption, 
and cost. While integration of the PWM inverter output 
circuit is therefore also desirable, it is necessary to 

40 resolve the aforementioned problem of transistor heat 
emissions. 

[0012] The invention disclosed in Japanese Patent 
Laid Open Publication No. 7-15978 was proposed as a 
solution to this problem by driving a power element pair 

45 by means of gate amplifiers. The gate amplifiers drive 
the power elements by drawing energy stored to a 
power supply capacitor. Because the voltage applied to 
the gate amplifier depends upon the voltage at both 
ends of the power supply capacitor, the applied voltage 

so is necessarily controlled, heat generated by the gate 
amplifier is suppressed, and the problem of heat gener- 
ation can be solved. 

[0013] A problem with this invention, however, is that 
one of the pair of power elements in each phase, specif - 
55 ically the low voltage power element, must be turned on 
to complete a charging path when the power supply 
capacitor is charged. This introduces some substantial 
limitations with respect to motor control as described 
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below. 

[001 4] Specifically, when a rotor of the motor is rotated 
by some external factor and an induction voltage is thus 
generated in the motor winding, turning the power ele- 
ment on the low voltage side on can short and damage s 
the motor armature. Initial charging of the power supply 
capacitor is thus not possible. The technology disclosed 
in Japanese Patent Laid Open Publication No.7-15978 
thus cannot be used for applications in which the rotor 
may be forcibly turned by the wind or other external fac- 10 
tor. The fan motor in an outdoor compressor unit of an 
air conditioning system is one example of such applica- 
tions. 

[0015] When a motor is driven with PWM control, it is 
also not possible to sustain uninterrupted motor opera- is 
tion unless the low voltage power element is turned on 
to charge and refresh the power supply capacitor every 
PWM control cycle, that is, at a frequency of generally 
less than 1 ms. As a result, this technology also cannot 
be applied in, for example, two-phase PWM control 20 
applications in which the switching frequency is low. 
Note that the two-phase PWM control as used herein 
refers to the common PWM control technology known to 
be effective for reducing switching loss and leakage cur- 
rent by PWM switching two of the three phases and not 25 
switching one phase in a three-phase PWM inverter to 
control the drive voltage of the motor. 
[0016] A similar PWM inverter output circuit is 
described in Japanese Patent Laid Open Publication 
No.4-230117 relating to a level shift circuit. This level 30 
shift circuit comprises a level shift transistor fa level 
shifting, and prevents misoperation resulting from fast 
dv/dt transient phenomena occurring as a result of a 
floating capacitance at the drain or collector of the level 
shift transistor. To prevent the effects of a dv/dt transient 35 
signal resulting, for example, from noise, in the control 
pulse controlling the output driver, the dted invention 
comprises a pulse filter for filtering the control pulse 
applied to the output driver circuit for driving the power 
circuit. In other words, the effects of a fast dv/dt tran- 40 
sient signal are prevented by means of the pulse filter 
blocking any control signal causing a change in voltage 
at shorter than a prescribed time. 
[001 7] The pulse filter of this method can thus prevent 
misoperation resulting from a fast dv/dt transient signal, 45 
but passes slow dv/dt transient signals and therefore 
cannot prevent misoperation caused thereby. A gentle 
dv/dt slope therefore cannot be used for noise suppres- 
sion, causing problems in both circuit design and oper- 
ation. Passing the control pulse to the output driver 50 
circuit through a pulse filter also introduces a delay, and 
thereby causes a drop in the overall response time. 



SUMMARY OF THE INVENTION 

[001 8] The present invention is therefore directed to a 
PWM inverter output circuit enabling PWM control with 
zero dead time, producing little heat, enabling circuit 



integration, providing fast response, and resistant to the 
effects of a dv/dt transient state. 
[0019] The present invention is further directed to a 
PWM inverter output circuit whereby initial charging of a 
power supply capacitor is possible even when the rotor 
of the motor is forcibly rotated by some external factor, 
motor operation can be sustained even without refresh- 
ing the charge to a capacitor used for a long-term power 
supply, and application is also possible with two-phase 
PWM control wherein the frequency of switching is low. 
[0020] To achieve this object, a PWM inverter output 
circuit according to a preferred embodiment of the 
invention comprises a main dc power source; a power 
circuit; a control power source; a power supply capacitor 
charged using an output voltage of the control power 
source; an input signal processor for receiving a com- 
mand signal which controls turning on and off said 
power elements and for producing a predetermined plu- 
rality of logic signals from said command signal; and a 
predrive circuit. 

[0021] The power circuit has a first power element 
comprising a first control electrode and a first reference 
electrode, and being conductive when a positive voltage 
with respect to the first reference electrode is applied to 
the first control electrode, and a second power element 
comprising a second control electrode and a second 
reference electrode, and being conductive when a neg- 
ative voltage with respect to the second reference elec- 
trode is applied to the second control electrode. The first 
and second reference electrodes are connected 
together, and the first and second control electrodes are 
connected together. 

[0022] The predrive circuit has a state detection circuit 
for detecting a requested control state from a combina- 
tion of said plurality of logic signals output from the input 
signal processor, a latch circuit for holding a control 
state detected by the state detection circuit, a first out- 
put driver comprising a pair of switching elements seri- 
ally connected between terminals of the power supply 
capacitor for controlling a voltage applied to said first 
and second control electrodes, and a second output 
driver comprising a pair of switching elements serially 
connected between terminals of the power supply 
capacitor for controlling a voltage applied to said first 
and second reference electrodes. 
[0023] In a PWM inverter output circuit thus com- 
prised, the first and second output drivers control a volt- 
age between the first control electrode and the first 
reference electrode and a voltage between the second 
control electrode and the second reference electrode. 
The first and second output drivers drive said power cir- 
cuit using the power supply capacitor as a power 
source, by turning on and off (opening and closing) said 
switching elements based on the control state held by 
55 the latch circuit: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Other objects and attainments together with a 
fuller understanding of the invention will become appar- 
ent and appreciated by referring to the fallowing 5 
description and claims taken in conjunction with the 
accompanying drawings, in which like parts are desig- 
nated by like reference numerals and in which:. 

Fig. 1 is a block tfagram of a PWM inverter output 10 
circuit according to a first embodiment of the 
present invention; 

Fig. 2 is a circuit diagram of the input signal proces- 
sor and level shift circuit of the PWM inverter output 
circuit shown in Fig. 1; 15 
Fig. 3 is a circuit diagram of the predrive circuit 
shown in Fig. 1; 

Fig. 4 is a circuit Diagram of the charge control cir- 
cuit shown in Fig. 1; 

Fig. 5 is a truth table showing the relationship 20 
between inputs and outputs to the logic circuit of the 
input signal processor shown in Fig. 1 ; 
Fig. 6 is a circuit oSagram to illustrate the charging 
path when charging the power supply capacitor 
shown in Fig. 1 ; 25 
Fig. 7 is a circuit diagram of a first exemplary circuit 
for preventing the effects of a parasitic diode in the 
PWM inverter output circuit shown in Fig. 1 ; 
Fig. 8 is a circuit diagram of a second exemplary cir- 
cuit for preventing the effects of a parasitic cSode in 30 
the PWM inverter output circuit shown in Fig. 1; 
Fig. 9 is a circuit diagram of a third exemplary circuit 
far preventing the effects of a parasitic diode in the 
PWM inverter output circuit shown in Fig. 1 ; 
Fig. 10 is a circuit diagram of a first alternative ver- 35 
sion of 1he power elements in the power circuit in 
the PWM inverter output circuit shown in Fig. 1 ; 
Rg. 1 1 is a circuit diagram of a second alternative 
version of the power elements in the power circuit in 
the PWM inverter output circuit shown in Fig. 1 ; 40 
Fig. 12 is a block diagram of a PWM inverter output 
circuit according to a second embodiment of the 
present invention; 

Fig. 13 is a circuit diagram of the input signal proc- 
essor and level shift circuit of the PWM inverter out- 45 
put drcuit shown in Fig. 12; 
Fig. 14 is a circuit diagram of a first predrive circuit 
in the PWM inverter output circuit shown in Fig. 12; 
Fig. 15 is a circuit diagram of a first charge control 
circuit in the PWM inverter output circuit shown in 50 
Fig. 12; 

Fig. 16 is a drcuit cSagram of a second predrive cir- 
cuit and second charge control drcuit in the PWM 
inverter output circuit shown in Fig. 12; 
Fig. 17 is a truth table showing the relationship 55 
between inputs and outputs to the logic circufl of the 
input signal processor shown in Fig. 12; 
Fig. 1 8 is a block cSagram of a PWM inverter output 



circuit according to a third embodiment of the 
present invention; 

Fig. 19 is a block diagram of a PWM inverter output 
circuit according to a third embodiment of the 
present invention in which the charge control circuit 
and control power source are connected on the 
high voltage side of the main dc power source; 
Fig. 20 is a block diagram of a typical conventional 
PWM inverter; and 

Fig. 21 is a circuit diagram of a conventional PWM 
inverter output circuit. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0025] The preferred embodiments of a PWM inverter 
output circuit according to the present invention are 
described below with reference to the accompanying 
drawings. 

(Embodiment 1) 

A. Circuit configuration 

[0026] Fig. 1 is a block diagram of a PWM inverter out- 
put circuit according to a preferred embodiment of the 
invention. As shown in Fig. 1, this PWM inverter output 
drcuit comprises a power circuit 1 1 for outputting a drive 
voltage to a motor; an input signal processor 13 to 
which control information for controlling the power cir- 
cuit 1 1 is input; a level shift circuit 15 for setting a signal 
line carrying the control information to a predetermined 
control state based on the supplied control information; 
a predrive circuit 17 for controlling driving the power cir- 
cuit 11 based on the control state of the signal line; a 
power supply capacitor C1 for supplying a voltage for 
driving the power circuit 11; a charge control circuit 19 
for controlling charging the power supply capadtor C1 ; 
a main dc power source V1 for supplying an output volt- 
age; and a control power source V2 for supplying power 
for driving the overall circuitry of the PWM inverter out- 
put circuit. These elements of the PWM inverter output 
drcuit are described in further detail below. 
[0027] As shown in Fig. 1 , the power circuit 1 1 com- 
prises a first power element P1 and a second power ele- 
ment P2 where the first power element P1 is an n- 
channel MOSFET, the second power element P2 is a p- 
channel MOSFET, and the sources and gates of the 
power elements P1 and P2 are connected together. The 
drain of the first power element P1 is connected to the 
high voltage side of the main dc power source V1 , and 
the drain of the second power element P2 is connected 
to the low voltage side of the main dc power source V1 . 
The output contact of the power circuit 1 1 is taken from 
the common connection between the sources of the 
power elements P1 and P2, and is connected to the out- 
put terminal 104. A parasitic diode BD1 and BD2, 
respectively, is present between the source and the 
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drain of the MOSFET power elements PI and P2. 
[0028] Schematic diagrams of the input signal proces- 
sor 13 and level shift circuit 15 are shown in Fig. 2. As 
shown in the figure, the input signal processor 13 com- 
prises NAND gates NA1 and NA2, inverters IV1 and 
IV2, a logic circuit 31 and a control power monitor 33. 
[0029] The control power monitor 33 monitors the volt- 
age of the control power source V2, outputs high when 
the detected voltage of the control power source V2 is 
within a predetermined normal range, and otherwise 
outputs low. 

[0030] The logic circuit 3 1 has inputs A and B and out- 
puts X and Y, and operates according to a truth table 
such as shown in Fig. 5. Note that in Fig. 5 an asterisk 
(*) indicates any desired value, and an arrow (->) indi- 
cates a predetermined state change after a predeter- 
mined period of time. 

[0031 ] The input signal processor is further provided 
with input terminals 101 and 102 to input control infor- 
mation for the power circuit 1 1 . 
[0032] The level shift circuit 1 5 comprises signal lines 
25, 27, and 29; resistors R1 and R2; MOSFETs Q1 and 
Q2; and diodes D1 to D3. The resistor R1 and the n- 
channel MOSFET Q1 are connected in series on signal 
line 25, and the resistor R2 and the n-channel MOSFET 
Q2 are connected in series on the signal line 27. The 
gates of MOSFETs Q1 and Q2 are connected respec- 
tively to outputs X and Y of the logic circuit 31 in the 
input signal processor 13. 

[0033] Signal lines 25 and 27 are connected between 
the high voltage side of the predrive circuit 17 at one 
end after passing resistors R1 and R2, respectively, and 
a ground line from which the reference potential of the 
PWM inverter output circuit is supplied at the other end 
after passing MOSFETs Q1 and Q2, respectively. As a 
result, when the MOSFETs Q1 and Q2 are off, signal 
lines 25 and 27 are high. When MOSFETs Q1 and Q2 
are on, an approximately 1 mA current emitted from the 
MOSFETs Q1 and Q2 causes a voltage drop at resis- 
tors R1 and R2, and the signal lines 25 and 27 go low. 
The signal lines 25 and 27 are thus controlled to a par- 
ticular control state based on the output of the logic cir- 
cuit 31 in the input signal processor 13. 
[0034] Note that the diodes D1 to 03 shown in Fig. 2 
are provided as input protection for the state detection 
circuit 34 of the predrive circuit 17 as described below. 
[0035] Note that while not specifically shown in the fig- 
ures, floating capacitances dependent on the wiring and 
various circuit elements are present on signal lines 25, 
27, and 29. 

[0036] In Fig. 3, a circuit diagram of the predrive circuit 
17 is shown. The predrive circuit 17 comprises a state 
detection circuit 34, filter circuits FL1 to FL3, latch cir- 
cuits RS1 and RS2, a driver control circuit 36, an output 
driver circuit 37, a bypass circuit 41. a bypass control 
circuit 42a, and an insufficient voltage detector 35 for 
detecting a low voltage level in the power supply capac- 
itor. 
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[0037] The state detection circuit 34 comprises NOR 
gate NR1 , NAND gates NA3 and NA4, and inverters IV3 
to IV5. 

[0038] The state detection circuit 34 detects any state 

5 in which the signal lines 25, 27, and 29 of the level shift 
circuit 15 are not ail high or low. More specifically, the 
NOR gate NR1 outputs high only when the signal lines 
25, 27, and 29 are detected low, low, and high; NAND 
gate NA3 outputs low only when signal lines 25 and 27 

w are detected low and high; and NAND gate NA4 outputs 
low only when signal lines 25 and 27 are detected high 
and low. The state detection circuit 34 thus detects the 
above three logic states of the signal lines 25, 27, and 
29 as meaningful control states. 

15 [0039] By thus detecting states other than the states 
in which the signal lines 25, 27, and 29 are all either 
high or low, it is possible to prevent misoperation result- 
ing from the effects of a floating capacitance present on 
the signal lines 25, 27, and 29. 

20 [0040] The filter circuits FL1 to FL3 comprise a resist- 
ance, a diode, a capacitor, and an inverter. The latch cir- 
cuits RS1 and RS2 are RS flip-flops. Latch circuit RS1 
comprises contacts for set input /S1 and /S2, reset input 
/R, and output /Q; latch circuit RS2 comprises contacts 

25 for set input /S, reset input /R, and outputs Q and /Q. 
Note that T indicates active low. The order of prece- 
dence in latch circuit RS1 is /S1 >/R > /S2, and in latch 
circuit RS2 is /S > /R. Note, further, that the driver con- 
trol circuit 36 comprises NAND gates NA5 and NA6, 

30 and inverters IV1 1 to IV14. 

[0041 ] The output driver circuit 37 comprises serially 
connected switching elements Q11 and Q12 as a first 
output driver, and serially connected switching elements 
Q13 and Q14 as a second output driver. Switching ele- 

35 ments Q11 and Q13 are p-channel MOSFETs, and 
switching elements Q12 and Q14 are n-channel MOS- 
FETs. 

[0042] The output of the first output driver is obtained 
from a node between the switching elements Q1 1 and 

40 Q12, and is passed through a resistor R3 to a gate 
potential control line 21 for controlling the gate potential 
of power elements P1 and P2. The output of the second 
output driver is obtained from a node between the 
switching elements Q13 and Q14, and is connected 

45 directly to a reference potential control line 23 for con- 
trolling the source potential of the power elements P1 
and P2. 

[0043] The bypass circuit 41 comprises a p-channel 
MOSFET Q21 and a Zener diode ZD2, and is parallel 
so connected to switching element Q13. The Zener diode 
ZD2 is connected between the gate and source of the p- 
channel MOSFET Q21. 

[0044] The bypass control circuit 42a is used for con- 
trolling turning on and off (opening and closing) the 
55 bypass circuit 41 by means of an inverter IV15 and p- 
channel MOSFET Q23. The output from the insufficient 
voltage detector 35 is input to the inverter IV15 of the 
bypass control circuit 42a. 
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[0045] The insufficient voltage detector 35 detects 
whether the voltage stored to the power supply capaci- 
tor C1 is sufficient to switch the power circuit 1 1 on and 
off. The insufficient voltage detector 35 outputs high 
when the voltage stored to the power supply capacitor 
C1 is within a normal voltage range sufficient to switch 
the power circuit 1 1 on and off, and otherwise outputs 
low. The insufficient voltage detector 35 outputs to both 
the latch circuft RS1 and bypass control circuit 42a. 
[0046] With this predrive circuit 17, the on/off state of 
the switching elements Q1 1 to Q14 in the output driver 
circuit 37 is controlled to control the potential of control 
lines 21 and 23. Thus, the power elements P1 and P2 of 
the power circuit 1 1 turn on and off. Note that the power 
supply capacftor C1 is connected to both ends of the 
output driver circuit 37 as the power supply for control- 
ling the control tines 21 and 23 to a predetermined 
potential. 

[0047] The charge control circuit 1 9 is described next 
with reference to Fig. 4. 

[0048] The charge control circuit 1 9 controls charging 
the power supply capacitor C1 , a task accomplished by 
means of a capacitor voltage monitor 43, a signal delay 
circuit 45, a predrive reference potential monitor 47, a 
constant current source CS2 for sweeping a small first 
charging current, a charging current circuit 49 for 
sweeping a second charging current that is greater than 
the first charging current, a control circuit 51 for control- 
ling the charging current circuit 49, and a bypass control 
circuit 42b. 

[0049] The capacitor voltage monitor 43 monitors the 
voltage at both ends of the power supply capacitor C1 
by means of a comparator CP1, resistor R4, and con- 
stant current source CS1 . The positive input of the com- 
parator CP1 is connected to the low voltage side of the 
power supply capacitor C1 through node p, and the neg- 
ative input is connected to a node between the resistor 
R4 and constant current source CS1 . 
[0050] The predrive reference potential monitor 47 
monitors the reference potential of the predrive circuit 
17 by means of p-channel MOSFETs Q46 and Q47, 
and diode D5. The gates of MOSFETs Q46 and Q47 
are connected to a common node, and the cathode of 
the diode D5 is connected to the source of MOSFET 
Q47. The gate of MOSFET Q47 is connected to the 
drain. The anode of the diode D5 is connected to the 
low voltage side of the power supply capacitor C1 
through node p, and the source of MOSFET Q46 is con- 
nected to the positive electrode of the control power 
source V2 through contact y. The drain of the MOSFET 
Q47, and the drain of MOSFET Q46, are connected to 
the negative electrode of the control power source V2 
through constant current source CS2 and resistor R5, 
respectively. 

[0051] The predrive reference potential monitor 47 is 
driven by means of constant current source CS2, and 
monitors the ground potential (low voltage side of the 
power supply capacitor C1) of the predrive circuit 17 



with respect to the positive electrode voltage of the con- 
trol power source V2 as the reference potential of the 
predrive circuit 17. The constant current source CS2 in 
this case sweeps a small current of approximately 100 
5 jiA. Note that the reference potential (low voltage side 
potential of the power supply capacitor C1) of the pre- 
drive circuit 17 changes according to the on/off opera- 
tion of the power element. 

[0052] The delay circuit 45 comprises inverters, a 
w resistor, diode, and capacitor. The control circuit 51 
comprises NAND gates NA7 to NA10, inverters IV16 to 
IV20, NOR gate NR2, and a latch circuit RS3. 
[0053] The charging current circuit 49 comprises two 
parallel connected n-channel MOSFETs Q31 and Q33 
is of different sizes, and controls a second charging cur- 
rent That is, MOSFET Q31 controls the second charg- 
ing current to approximately 300 mA, and MOSFET 
Q33 to approximately 50 mA. The on/off states of the 
MOSFETs Q31 and Q33 are controlled according to a 
20 control signal from the control circuit 51 . 

[0054] The bypass control circuit 42b comprises resis- 
tors R6 ad R7, and n-channel MOSFETs Q41 to Q44, 
and in conjunction with bypass control circuit 42a con- 
trols the On/Off state of the bypass circuit 41 in the pre- 
ss drive circuit 1 7. 

B. Control signals 

[0055] The control signals input to a PWM inverter 

30 output circuit thus comprised for controlling driving the 
power circuit 1 1 are described next below. 
[0056] A motor free signal and a switching command 
signal are input to the input signal processor 13 through 
input terminal 101 and input terminal 102, respectively. 

35 The motor free signal is a control signal for setting the 
power circuit 1 1 to a free-run state in which both power 
elements P1 and P2 are off. The present embodiment is 
described herein as setting the power circuit 1 1 to a 
free-run state when the motor free signal goes low. The 

40 switching command signal is a control signal causing 
either power element P1 or P2 to switch on. When the 
switching command signal is low, the first power ele- 
ment P1 is off and the second power element P2 is on; 
when high, the first power element P1 is on and the sec- 

45 ond power element P2 is off. 

C. Operation 

[0057] The operation of a PWM inverter output circuit 

so thus comprised is described next below. 

[0058] When signals instructing power circuit 1 1 drive 
are input to the input signal processor 13 through input 
terminals 101 and 102, the input signal processor 13 
generates a predetermined logic signal based on .the 

55 input signals. Based on the output logic signal, the sig- 
nal lines 25 and 27 of the level shift circuit 15 are set .to 
a particular control state. The predrive circuit 17 then 
detects the control state of the signal lines 25 and 27, 
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and controls the on/off state of the power elements P1 
and P2 of the power circuit 1 1 by changing the potential 
of the control lines 21 and 23 based on the detected 
control state using the power supply capacitor CI as a 
power source. A connection of the output terminal 104 
is thus switched to either the positive or negative side of 
the main dc power source V1 , and a desired PWM volt- 
age is obtained. Charging the power supply capacitor 
C1 is controlled by the charge control circuit 19 during 
this time. 

[0059] Driving the power circuit 1 1 during normal 
operation is described in further detail below. It should 
be noted that during normal operation the voltage of the 
control power source V2 and the charging voltage of the 
power supply capacitor C1 are assumed to be wShin a 
normal range. 

D. Power circuit drive control 

[0060] The first case described below is that in which 
the first power element P1 of the power circuit 1 1 is off 
and the second power element P2 is on. The motor free 
signal at this time is high, and the switching command 
signal is low. 

[0061 ] The control power monitor 33 of the input sig- 
nal processor 13 outputs high because the voltage of 
the control power source V2 is in a normal range. A high 
is also input to input A of logic circuit 31 because the 
motor free signal is high, and a low is input to input B 
because the switching command signal is low. Referring 
to Fig. 5, output X of logic circuit 31 is low and output Y 
is initially high at this time. In the level shift circuit 15, 
therefore, transistor Q1 goes off and signal line 25 goes 
high, and transistor Q2 goes on and signal line 27 goes 
low. Note that while output Y is initially high, it goes low 
after a predetermined time. This predetermined time is 
longer than the time required for the control state to be 
latched by the latch circuits RS1 and RS2 after the Jogic 
circuit 31 first outputs. 

[0062] The state detection circuit 34 of the predrive 
circuit 1 7 detects the state of signal lines 25 and 27 from 
the level shift circuit 1 5. That is, when the signal lines 25 
and 27 are high and low, respectively, the NAND gate 
NA4 of state detection circuit 34 detects this state. The 
inputs to the NAND gate NA4 at this time are both high, 
resulting in a low output. The inputs to NAND gate NA3 
are likewise both low, and the output therefrom is there- 
fore high. The high state of signal line 25 also results in 
at least one high input to the NOR gate NR1 with me 
output therefrom going low. Note that the state of signal 
line 29 is determined here by bypass control circuits 42a 
and 42b, and is high during normal operation. This is 
described in further detail below. 
[0063] The output signal from the state detection cir- 
cuit 34 passes the filter circuits FL1 to FL3 and is 
applied to the latch circuits RS1 and RS2. The filter cir- 
cuits FL1 to FL3 are used here for wave shaping and to 
remove noise introduced by the delay imposed by the 



logic gates of the state detection circuit 34. The filter cir- 
cuit FL1 output is the inverted input thereto. 
[0064] It should be noted that the amount of delay 
noise from the logic gates is extremely small and dissi- 

s pates in an extremely short period of time, and therefore 
is not a problem in most cases. In such cases the filter 
circuits FL1 to FL3 can be eliminated. It will be obvious, 
however, that a part performing the function of the 
inverter in the one filter circuit FL1 is needed to apply 

10 the required logic operation. 

[0065] The insufficient voltage detector 35 outputs to 
the set input /S1 of the latch circuit RS1. When the 
charging voltage of the power supply capacitor C1 is 
within a normal range, the insufficient voltage detector 

15 35 outputs high, resulting in a high at set input /S1 . The 
output from NOR gate NR1 passes filter circuit FL1. 
resulting in a high at set input /S2 of latch circuit RS1 . A 
low from NAND gate NA4 passed through filter circuit 
FL3 is applied to the reset input /R. The latch circuit RS1 

20 is therefore reset, a high is output from output /Q. 

[0066] A high is similarly passed from filter circuit FL2 
to set input /S of latch circuit RS2, and a low is passed 
from filter circuit FL3 to reset input /R, thus causing the 
latch circuit RS2 to be reset, a high output from /Q, and 

25 a low output from Q All inputs to NAND gate NA5 are 
thus high, resulting in a low output from NAND gate NA5 
and a high input to switching elements Q11 and Q12 
after passing inverters IV1 1 and 1V1 2. 
[0067] A low from output Q of latch circuit RS2 to 

30 NAND gate NA6 results in a high output from NAND 
gate NA6, and a low input to switching elements Q13 
and Q14 after passing inverters IV13 and IV14. Thus 
switching elements Q12 and Q13 go on and become 
conductive, enabling the gate potential control line 21 

35 and reference potential control line 23 to reach a prede- 
termined potential by power from the power supply 
capacitor C1. More specifically, when switching ele- 
ments Q12 and Q13 are conducting in this mode, the 
gate potential control line 21 goes low and the reference 

40 potential control line 23 goes high. The first power ele- 
ment P1 therefore switches off, and the second power 
element P2 switches on, in the power circuit 1 1 . 
[0068] The bypass circuit 41 parallel connected to the 
switching element Q13 is controlled by bypass control 

45 circuits 42a and 42b to be off during normal operation, 
and does not affect the operation described above. The 
operation of the bypass circuit 41 and bypass control 
circuits 42a and 42b is described later below. 
[0069] When the first power element P1 switches off 

so and the second power element P2 on as described 
above, the reference potential of the predrive circuit 17 
also drops. When the reference potential of the predrive 
circuit 17 drops, the signal lines 25, 27, and 29 go 
momentarily high as a result of the floating capacitance 

55 on the signal lines. This is because the accumulated 
charge of the floating capacitance flows onto the signal 
lines. The state detection circuit 34, however, does not 
recognize the state in which all the signal lines 25, 27, 
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and 29 are high, and misoperation of the predrive circuit 
1 7 as a result of this floating capacitance is prevented. 
[00701 Output Y of the logic circuit 31 in the input sig- 
nal processor 13 goes from high to low as shown in Fig. 
5 after a predetermined period of time, that is, after the 
control state defined by the motor free signal and 
switching command signal is latched by the latch cir- 
cuits RS1 and RS2, and both outputs X and Y of the 
logic circuit 31 are thus low. 

[0071 ] When both outputs X and Y of the logic circuit 
31 are low, both MOSFETs Q1 and Q2 switch off, and 
current flow on signal lines 25 and 27 is cut off. As a 
result, controlling the power circuit 1 1 is not disabled 
even when both the input signal processor 13 and pre- 
drive circuit 17 are cut off. More specifically, cut off 
occurs after the control state defined by the motor free 
signal and switching command signal is stored by the 
latch circuits RS1 and RS2. As a result, the power cir- 
cuit 11 can be continuously controlled according to the 
control state stored to the latch circuits RS1 and RS2 
even when the predrive circuit 17 and input signal proc- 
essor 13 are cut off. 

[0072] A PWM inverter output circuit according to the 
present embodiment of the invention thus reduces 
power consumption by a MOSFET Q2 of the level shift 
circuit 15 by applying control information to the power 
circuit 11 as described above, passing this information 
to the predrive circuit 17 where the control state is 
stored, and then interrupting the current supply to the 
signal lines 25 and 27 carrying the control information. 
[0073] Note, however, that power consumption by the 
MOSFET 02 of the level shift circuit 15 is relatively low 
in this case, the power supply capacitor C1 is in a charg- 
ing state (described later below), and there is no charge 
consumption. As a result, it is possible for MOSFET Q2 
to remain on with current flowing to signal line 27. More 
specifically, output Y of the logic circuit 31 can remain 
high even after the specified period described above. 
[0074] In the next case considered the first power ele- 
ment P1 is switched on and the second power element 
P2 off; the motor free signal and switching command 
signal are both high. Because both the motor free signal 
and control power monitor 33 output are high, a high is 
applied through inverter IV1 to input A of logic circuit 31 
in the input signal processor 13, and a high is applied to 
input B. As shown in the truth table of Fig. 5, output X of 
the logic circuit 31 is therefore initially high, and output 
Y is low. Output X then goes low after a predetermined 
period to isolate the level shift circuit 15 from the control 
power source V2. MOSFET Q1 and MOSFET Q2 there- 
fore go on and off, respectively, immediately after the 
output signals from the logic circuit 31 are output. This 
causes signal line 25 to go low and signal line 27 to go 
high in the level shift circuit 15. 
[0075] The state detection circuit 34 of the predrive 
circuit 1 7 then detects the state of signal lines 25 and 27 
by means of NAND gate NA3. That is, NAND gate NA3 
outputs low because both inputs thereto are high; 



NAND gate NA4 outputs high because both inputs 
thereto are low; and NOR gate NR1 outputs low regard- 
less of other inputs because signal line 27 is high. 
[0076] A high is applied from the insufficient voltage 

s detector 35 to set input /S1 of the latch circuit RS1, a 
high is applied from NOR gate NR1 through filter circuit 
FL1 to set irput /S2, and a high is applied from NAND 
gate NA4 through filter circuit FL3 to the reset input /R. 
In this case, output /Q of latch circuit RS1 does not 

10 change, and the currently held state, that is, the state 
stored when first power element P1 switched off and 
second power element P2 switched on, is output from 
latch circuit RS1 . More specifically, a high is output from 
output /Q of latch circuit RS1 in this case. 

15 [0077] A low applied from NAND gate NA3 through fil- 
ter circuit FL2 to set input IS causes latch circuit RS2 to 
be set and a low output from output /Q. 
[0078] A low applied from output /Q of latch circuit 
RS2 to NAND gate NA5 of driver control circuit 36 

20 results in a high output from the NAND gate NA5. The 
other NAND gate NA6 outputs low because a high input 
is applied thereto from the insufficient voltage detector 
35, output /Q of latch circuit RS1 , and output Q of latch 
circuit RS2. A low is therefore applied to switching ele- 

25 ments Q1 1 and Q12 of the output driver circuit 37, and 
switching element Q1 1 becomes on. A high is also 
applied to switching elements Q13 and Q14, and 
switching element Q14 becomes on. The gate potential 
control line 21 is thus made high and the reference 

30 potential control line 23 low using the power supply 
capacitor C1 as a power source, and power elements 
P1 and P2 of the power circuit 11 switch on and off, 
respectively. 

[0079] When the first power element P1 switches on 

35 and the second power element P2 off as described 
above, the reference potential of the predrive circuit 17 
rises. When the reference potential of the predrive cir- 
cuit 17 rises, the signal lines 25, 27, and 29 go momen- 
tarily low as a result of the floating capacitance on the 

40 signal lines. This is because a charging current flows 
from the signal lines to the floating capacitance. The 
state detection circuit 34, however, does not recognize 
the state in which all the signal lines 25, 27, and 29 are 
low, and misoperation of the predrive circuit 17 as a 

45 result of this floating capacitance is prevented. 

[0080] As also described above, the signal lines 25 
and 27 of the level shift circuit 1 5 are cut off by the logic 
circuit 31 after the control state is latched. As a result, 
power consumption by the MOSFET Q1 of level shift cir- 

50 cuit 15, and consumption of the charge stored to the 
power supply capacitor C1, can be reduced when the 
power circuit 1 1 is driven. 

[0081] Operation in a free-run state obtained by 
switching both power elements P1 and P2 off is 
55 described next. 

[0082] The motor free signal in this case is low, a low 
is applied to input A of the logic circuit 31 in the input 
signal processor 13, and both outputs X and Y are high 
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as indicated in Fig. 5. Both MOSFETs Q1 and Q2 
become on, and the signal lines 25 and 27 become low. 
The signal line 29 is also hioji during normal operation 
as described above. The state detection circuit 34 of the 
predrive circuit 17 detects the state of signal lines 25. 
27. and 29 by means of NOR gate NR1. That is, ail 
inputs to the NOR gate NR1 are low, and the output 
therefrom is thus high. Both NAND gate NA3 and NA4 
also output high. As a result, a high is applied to set 
input /S1 of latch circuit RSI, a low is applied to set 
input /S2, a high to reset input /R, latch circuit RS1 is 
set and the output /Q goes low. 
[0083] At least one input to NAND gates NA5 and NA6 
of the driver control circuit 36 are therefore low, and both 
NAND gates output high. A low is therefore applied to 
switching elements Q1 1 to Q14 of the output driver cir- 
cuit 37, switching elements Q11 and Q13 become on, 
gate potential control line 21 and reference potential 
control line 23 are controlled high, the gate-source volt- 
age of power elements P1 and P2 in power circuit 1 1 
goes to zero, and both power elements P1 and P2 turn 
off. A free-run state is thus achieved. 
[0084] A P WM inverter output circuit according to the 
present embodiment can thus instantaneously provide 
protection for an attached motor or control device when 
some sort of trouble occurs, and can therefore assist in 
providing a safer system, by being able as described 
above to instantaneously effeci a free-run state by turn- 
ing switching elements Q1 1 and Q13 on. 
[0085] Note, further, that by setting both control lines 
21 and 23 high to achieve a free-run state, the power 
supply capacitor C1 can continue to be charged as will 
be described below while the free-run state is main- 
tained. A free-run state in which the power supply 
capacitor C1 is not charged can also be achieved by 
setting both control lines 21 and 23 low. 
10086] As described above, a free-run state can be set 
by turning both power elements P1 and P2 off, resulting 
in the reference potential of the predrive circuit 1 7 either 
rising or dropping. In addition, the state of signal lines 
25, 27, and 29 is affected by the floating capacitance on 
the signal lines, resulting in a momentary high state 
when the reference potential of the predrive circuit 17 
drops, and a momentary low when the reference poten- 
tial rises. However, as also described above, the state 
detection circuit 34 does not recognize either the all 
high or all low state of signal fines 25, 27, and 29, and 
operation of the predrive circuit 1 7 is thus not affected 
by any floating capacitance present. 
[0087] As also described above, the signal lines 25 
and 27 of level shift circuit 15 can be cut off by outputs 
X and Y of the logic circuit 31 going low after the control 
state is stored. As a result, power consumption by the 
MOSFET Q1 of level shift circuit 15, and consumption of 
the charge stored to the power supply capacitor C1 , can 
be reduced when the power circuit 1 1 is driven. 
[0088] As will be known from the above description, it 
is possible in a PWM inverter output circuit according to 



the present embodiment of the invention to control oper- 
ation of the power elements P1 and P2 in the power cir- 
cuit 11 based on a motor free signal and switching 
command signal. 

5 

E. Power supply capacitor charging 

[0089] Charging the power supply capacitor C1 is 
described next in detail below. 

io [0090] The power supply capacitor C1 is charged 
when the switching element Q13 of the output driver cir- 
cuit 37 is on in a PWM inverter output circuit according 
to the present embodiment. The charging path of the 
power supply capacitor C1 at this time is indicated by 

15 the dotted arrow line in Fig. 6. 

[0091] As shown in Fig. 6, the charging path travels 
from the positive electrode of the control power source 
V2 to the parasitic diode BD2 of the second power ele- 
ment P2, then through either bypass circuit 41 or switch- 

20 ing element Q13 and to the power supply capacitor C1 , 
from the power supply capacitor C1 to the charging cur- 
rent circuit 49, and back to the negative electrode of the 
control power source V2. Note that the parasitic diode 
BD2 of the second power element P2 may not be on 

25 based on the potential at each end of the second power 
element P2. In this case a charging current flows 
through output terminal 1 04, terminal y, and a winding of 
a different phase. In both cases, however, the charging 
current flows through the output contact 104 of the 

30 power circuit 1 1 . 

[0092] The charge control circuit 1 9 controls charging 
according to a plurality of charging modes, including an 
initial charging mode whereby the power supply capaci- 
tor C1 is charged at the start of operation, typically 

35 immediately after the power is turned on, and a refresh 
charging mode whereby the energy consumed during 
normal operation is replenished. 
[0093] In the refresh charging mode, the power supply 
capacitor C1 must be rapidly charged during normal 

40 operation, and a stronger charging current is therefore 
used in comparison with the current used in the initial 
charging mode. The initial charging mode current is 
approximately 50 mA, and the refresh charging mode 
current is approximately 300 mA, in the present embod- 

45 iment. 

[0094] It should be noted that a strong current could 
be used in both the initial charging mode and refresh 
charging mode. To do this, however, a power supply 
capacitor C1 must be provided for each phase (U, V, W) 

50 of the motor, and the total charging current becomes 
momentarily very high because the charging current is 
supplied at the same time to the power supply capacitor 
C1 of each phase during the initial charging mode. The 
output power capacity (simply "output capacity" below) 

55 of the control power source V2 must therefore be 
increased, inviting both an increase in cost and an 
increase in the size of the control power source V2. To 
avoid these problems, the initial charging mode current 
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is smaller than the refresh charging mode (current in a 
PWM inverter output circuit according to the present 
embodiment 

R Operation of circuits in the charge control circuit 

[OB95] The operation of the individual circuit compo- 
nents of the charge control circuit 19 is described next 
below. 

pX)96] During the bypass circuit 41 or switching ele- 
ment Q13 is on (described below), and the negative 
input of comparator CP1 of capacitor voltage monitor 43 
is tfius connected to the high voltage side of the power 
supply capacitor C1 through resistor R4. The positive 
input of comparator CP1 is also connected to the low 
vriftage side of the power supply capacitor C1. A value 
dependent upon the voltage at each end of the power 
supply capacitor C1 is thus applied to the comparator 
CP1. 

[0097] When the voltage at each end otf the power 
supply capacitor C1 is greater than a predetermined 
vofltage determined by resistor R4 and constant current 
source CS1, the comparator CP1 output goes low. The 
capacitor voltage monitor 43 can thus determine the 
ctnarge state of the power supply capacitor C1 by moni- 
toring the voltage of the power supply capacitor C1. 
Wnen the charge is determined insufficient She capaci- 
tor voltage monitor 43 output goes high; when the 
charge is sufficient, the output goes low. 
[0098] The predrive reference potential: monitor 47 
monitors the absolute value of the reference potential of 
the predrive circuit 1 7, which rises and faflte with the 
operation of the power elements P1 and P2, to deter- 
mine if the absolute value of the reference potential 
drops below a predetermined value. Using 1he anode 
voltage of the diode D5 and the source vofiage of the 
MOSFET Q47 as inputs, the predrive reference poten- 
tial monitor 47 outputs the drain voltage of tfie MOSFET 
Q46. More specifically, the predrive reference potential 
monitor 47 outputs high when the equation 

Vi1 < Vi2 +Vf 

is Irue where V1 1 is the voltage input from node p, V\2 is 
the voltage input from node y, and Vf is the voltage drop 
of tfie diode 05 in the predrive reference potential mon- 
itor 47. When this equation is not true, the predrive ref- 
erence potential monitor 47 output goes lew. 
[0099] The predrive reference potential, monitor 47 
thus outputs high when the reference potential of the 
predrive circuit 1 7 is less than or equal to a predeter- 
mined value, and outputs low when greater than said 
value. This predetermined value is determined by the 
value Vf of the diode voltage drop in the predrive ref er- 
erace potential monitor 47. 

[01 00] The delay circuit 45 functions as a synchro- 
nizer. Thai is, because of the delay introduced by the 
comparator CP1 of the capacitor voltage monitor 43, the 



delay circuit 45 delays the output signal from the pre- 
drive reference potential monitor 47 to synchronize this 
output signal with the output signal from the capacitor 
voltage monitor 43. 

5 

G. Operation in the initial charging mode 

[0101] The operation of the charge control circuit 19 
during the initial charging mode is described below. 
10 Note that the power circuit 1 1 is controlled to the free- 
run state during this mode, and the switching elements 
Q11 and Q1 3 of the output driver circuit 37 are therefore 
on. 

[01 02] The bypass circuit 41 parallel connected to the 
15 switching element Q13 performs an important function 
during the initial charging mode. Operation of the 
bypass circuit 41 is therefore described first below 
before proceeding to the operation of the charge control 
circuit 19. 

20 [01 03] The switching elements Q1 1 to Q1 4 of the out- 
put driver circuit 37 are MOSFETs, and a parasitic diode 
is therefore formed between the drain and source of 
each MOSFET. When a reverse voltage is applied 
across the drain and source of the switching elements 

25 Q1 1 to Q14, the parasitic diode is conductive, complet- 
ing a current path for a reverse current. The parasitic 
diode can be a cause of iatch-up or misoperation, and it 
is therefore necessary to block the flow of current to the 
parasitic diode. The voltage between the terminals of 

30 the power supply capacitor C1 is low during the initial 
charging mode, and the switching element Q13 cannot 
be switched on until there is a certain rise in this voltage. 
It is therefore possible for the charging current to flow to 
the parasitic diode of the switching element Q1 3 during 

35 this time. The bypass circuit 41 is provided to prevent 
this current flow, and thus avoid the problems intro- 
duced by the parasitic diode. 

[01 04] The bypass circuit 41 is therefore on only dur- 
ing initial charging, thereby forming a bypass path paral- 
40 lei to the switching element Q13 and blocking charging 
current from flowing to the parasitic diode of the switch- 
ing element Q13, The on/off state of the bypass circuit 
41 is controlled by the bypass control circuits 42a and 
42b. 

45 [0105] The initial charging completion signal output 
through inverter IV18 by the control circuit 51 of the 
charge control circuit 19 is low during initial charging of 
the power supply capacitor C1. Note that the initial 
charging completion signal is low until initial charging is 

so completed, and then goes high. As a result, both MOS- 
FET Q41 and MOSFET Q42 of the bypass control cir- 
cuit 42b are off during initial charging. MOSFET Q44 
switches on when a high is applied to the gate thereof. 
Because the power supply capacitor C1 is not suffi- 

55 ciently charged at this time, the voltage is low at both 
ends of the power supply capacitor C1, and the insuffi- 
cient voltage detector 35 outputs low. 
[0106] MOSFET 023 of bypass control circuit 42a 
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switches off when a high is applied to the input thereof 
through the inverter IV15. This causes the signal line 29 
to go low. 

[01 07] MOSFET Q21 of bypass circuit 41 switches on 
when a low is applied to the gate of MOSFET Q21 , and 
a bypass path is formed parallel to the switching ele- 
ment Q13. The charging current thus flows through the 
bypass path formed by the bypass circuit 41 and not 
through the parasitic diode of the MOSFET Q13, and 
any effects of the parasitic diode can thus be avoided. 
[0108] When the power supply capacitor C1 is suffi- 
ciently charged and the voltage at both ends of the 
power supply capacitor 01 rises to a sufficient level, the 
insufficient voltage detector 35 outputs high, and the 
MOSFET Q23 of the bypass control circuit 42a switches 
on. The initial charging completion signal also goes 
high, and MOSFET Q44 of bypass control circuit 42b 
switches off. The signal line 29 therefore goes high. The 
MOSFET Q21 thus cuts off, and the bypass path is 
closed. 

[0109] As a result of the operation described above, 
the bypass circuit 41 and bypass control circuits 42a 
and 42b form an alternative path for the charging cur- 
rent around the MOSFET Q1 3 during the initial charging 
mode to prevent current conduction through the para- 
sitic diode. 

[01 1 0] The operation of the charge control circuit 1 9 is 
described next below. 

[01 1 1 ] Initial charging is accomplished by turning the 
control power source V2 on. When the control power 
source V2 is on, the control power monitor 33 outputs 
low until the voltage rises to a predetermined level. A 
low is thus applied to the set input IS of latch circuit 
RS3, and output Q goes high. This high output from Q 
causes the NOR gate NR2 output to go low, the NAND 
gate NA9 output to go high, and the MOSFET Q31 of 
the charging current circuit 49 to switch off. 
[01 1 2] When the reference potential of the predrive 
circuit 17 drops sufficiently to approximately the positive 
electrode potential of the control power source V2, the 
predrive reference potential monitor 47 outputs high. A 
high is applied through latch circuit RS3 and predrive 
reference potential monitor 47 to the NAND gate NA10, 
which thus outputs low. The MOSFET Q33 of charging 
current circuit 49 therefore switches on. 
[0113] When the reference potential of the predrive 
circuit 1 7 has not dropped sufficiently, the predrive refer- 
ence potential monitor 47 outputs low, and the MOSFET 
Q33 switches off. This suppresses loss from MOSFET 
Q33 of charging current circuit 49 during the initial 
charging mode. 

[01 1 4] As described above, therefore, MOSFET Q3 1 
of charging current circuit 49 switches off and MOSFET 
Q33 switches on when the reference potential of the 
predrive circuit 17 drops sufficiently during initial charg- 
ing. As a result, a charging path is formed from the con- 
trol power source V2 to the parasitic diode BD2 of 
second power element P2 (or other phase winding), to 



the bypass circuit 41, the power supply capacitor C1, 
MOSFET Q33 of charging current circuit 49, and then to 
the negative side of the control power source V2. 
[0115] The constant current source CS2 sweeps a 

5 small current for driving the predrive reference potential 
monitor 47. The small current makes a further charging 
path from the positive side of the control power source 
V2 to the parasitic diode BD2 of second power element 
P2 (or other phase winding), to the bypass circuit 41, 

w the power supply capacitor C1, predrive reference 
potential monitor 47, constant current source CS2, and 
then to the negative side of the control power source V2. 
As a result, the power supply capacitor C1 is charged by 
both an approximately 50 mA charging current from the 

is MOSFET Q33, and a small approximately 100 ii/k cur- 
rent from the constant current source CS2. When the 
reference potential of the predrive circuit 17 has not 
dropped, the approximately 50 mA charging current 
from the MOSFET Q33 is cut off to suppress loss from 

20 the MOSFET Q33. The small approximately 1 00 \iA cur- 
rent continues to flow from the constant current source 
CS2, however, and charging of the power supply capac- 
itor C1 can thus be sustained, though at a very low level. 
[01 1 6] Though slight, the constant current source CS2 

25 also sweeps current from the predrive circuit 17, and 
thereby accelerates the drop in the reference potential 
of the predrive circuit 17. As a result, the constant cur- 
rent source CS2 also functions to advance the output 
timing of the approximately 50 mA charging current 

30 from the MOSFET Q33. 

[01 1 7] The charge control circuit 1 9 passes the output 
from latch circuit RS3 through inverter IV18 to output 
terminal 103 as the initial charging completion signal of 
the PWM inverter output circuit of the present invention. 

35 Output Q of latch circuit RS3 is high as described above 
during the initial charging mode. When initial charging is 
completed, and the voltage of power supply capacitor 
C1 rises to a predetermined level or greater, the capac- 
itor voltage monitor 43 output goes low. As a result the 

40 reset input /R of latch circuit RS3 goes low, and output 
Q goes low. In other words, the initial charging comple- 
tion signal is low until initial charging is completed, and 
then goes high when charging is completed. By making 
this initial charging completion signal available to equip- 

45 ment external to the PWM inverter output circuit, 
attached equipment can be driven safely. 
[01 18] Note also that by output Q of the latch circuit 
RS3 going low when initial charging is completed, MOS- 
FET Q33 switches off and one input to the NOR gate 

so NR2 goes low so that the refresh charging operation 
described below can be performed. 

H. Refresh charging operation 

55 [01 19] The operation of the charge control circuit 19 
during the refresh charging mode is described next. 
[0120] Three conditions are required for charging to 
start in the refresh charging mode as follow. 
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(1) A control state causing second power element 
P2 to switch on must be output from the input signal 
processor 13 (switching elements Q12 and Q13 
must be on). 

(2) The reference potential of the predrive circuit 1 7 i 
must have dropped to a predetermined level or 
below. (The reference potential of the predrive cir- 
cuit 17 does not drop instantaneously when the 
power elements P1 and P2 are switched based on 
the control state supplied from the input signal proc- 
essor 13 because of the operating delay in the pre- 
drive circuit 17 and the on/off delay time of the 
power elements P1 and P2. It is therefore neces- 
sary to wait for the reference potential to drop suffi- 
ciently.) 

(3) The voltage at both ends of the power supply 
capacitor C1 must drop to a predetermined level or 
below (an insufficient charge). 

[0121] Refresh charging is possible when the above 
three conditions are satisfied. 
[01 22] In order for refresh charging to start, therefore, 
the motor free signal must be high and the switching 
command signal low to satisfy condition (1) above, the 
output from predrive reference potential monitor 47 
must be high because of condition (2), and the output of 
capacitor voltage monitor 43 must be high because of 
condition (3). 

[0123] In the refresh charging mode, the voltage of 
control power source V2 is within a normal range, and 
the control power monitor 33 of input signal processor 
13 outputs high. The NAND gate NA1 outputs low. Both 
inputs to NAND gate NA2 are therefore high, and the 
output is thus low. The output from capacitor voltage 
monitor 43 is inverted by inverter IV16 of the charge 
control circuit 19 to apply a low to NAND gate NA8, and 
the output from the predrive reference potential monitor 
47 passed through the delay circuit 45 is high at NAND 
gate NA8, resulting in a high output therefrom. A high is 
applied from the control power monitor 33 to set input /S 
of latch circuit RS3, and a high is applied from NAND 
gate NA8 to reset input /R. Output Q of latch circuit RS3 
therefore does not change, and the latched data is out- 
put as stored. Output Q goes low at this time for the rea- 
sons described below. 

[0124] The output from the control power monitor 33 
is applied to the set input /S of the latch circuit RS in 
control circuit 51 of the charge control circuit 19. As a 
result, the latch circuit RS3 is set when the control 
power source V2 is turned on, or when a voltage defi- 
ciency is detected when a problem occurs. The latch cir- 
cuit RS3 is therefore set during normal operation, and 
the output Q does not go from low to high. The latch cir- 
cuit RS3 is reset at the completion of initial charging as 
described above, and output Q goes low. As a result, 
once initial charging is completed and the latch circuit 
RS3 is reset, the latch circuit RS3 is not set again during 
normal operation, and output Q remains low. 



[01 25] Because the latch circuit RS3 thus outputs low, 
the NAND gate NA10 output goes high, and MOSFET 
Q33 switches off. A high is applied to NAND gate NA7 
from the predrive reference potential monitor 47 via the 

; capacitor voltage monitor 43 and the delay circuit 45, 
causing NAND gate NA7 to output low. A low from latch 
circuit RS3 and a low from the NAND gate NA2 of input 
signal processor 13 applied to the NOR gate NR2 result 
in a high output therefrom. All inputs to the NAND gate 

to NA9 of control circuit 51 are therefore high, and the out- 
put is thus low. A high applied to the MOSFET Q31 of 
charging current circuit 49 causes MOSFET Q31 to 
switch on. 

[01 26] The charge stored to the power supply capac- 

rs tor C1 is thus refreshed during normal operation based 
on the three conditions described above. Note that 
MOSFET Q31 is on and MOSFET Q33 is off in the 
charging current circuit 49 at this time. As a result, a 
charging path is formed from the control power source 

a» V2 to the parasitic diode BD2 of second power element 
P2 (or other phase winding), to switching element Q13. 
power supply capacitor C1, and MOSFET Q31. A 
charging current of approximately 300 mA, i.e., a cur- 
rent greater than the approximately 50 m A charging cur- 

25 rent used during initial charging, is supplied at this time 
by the MOSFET Q31 , and the charge from power sup- 
ply capacitor C1 consumed during normal operation 
can be immediately recovered. 
[01 27] A P WM inverter output circuit according to the 

30 present embodiment can thus rapidly charge a power 
supply capacitor C1 used for supplying the drive power 
source during normal operation, and can optimize the 
output capacity of the control power source V2, by 
appropriately switching operation of power elements P1 

3S and P2 according to an initial charging mode used 
before operation starts, and a refresh charging mode 
used during normal operation, to supply a charging cur- 
rent during the refresh charging mode that is greater 
than the charging current used for the initial charging 

40 mode. 

[01 28] Charging in a free-run state during initial charg- 
ing is also possible, thereby enabling safe starting even 
when an electromotive force is present in the motor 
winding. 

45 [0129] It should be noted that while a MOSFET Q33 
for initial charging, and a MOSFET Q31 for refresh 
charging, are separately provided in the charging cur- 
rent circuit 49, these can be combined in a single MOS- 
FET while achieving the same operation and effects. 

5G More specifically, when a single MOSFET is used for 
both devices, a first voltage of a level causing a current 
of approximately 50 mA to flow from the MOSFET is 
applied to the gate during initial charging, and a second 
voltage of a level greater than the first voltage is applied 

as to the gate during refresh charging to cause a current of 
approximately 300 mA to flow. It will be obvious that 
when the charging current circuit 49 comprises a single 
MOSFET as thus described, additional benefits of lower 
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cost and smafiier chip size can be achieved during circuit 
integration. 

[01 30] Furthermore, by providing a capacitor voltage 
monitor 43 and charging the power supply capacitor C1 
only when te end vatages thereof drop below a prede- 
termined level the charging control operation of a PWM 
inverter output circuft according to the present emboo*- 
merrt can prevent overcharging the power supply capac- 
itor C1 and reduce charging loss in addition to 
stabilizing the voltage between the power supply capac- 
itor terminals. 

[01 31 ] Yet further, toss by the charging current circuit 
49 can be reduced, and charging loss can be further 
suppressed, as a result of providing a predrive refer- 
ence potential monitor 47 and starting charging when 
the reference potential of the predrive circuit 1 7 drops a 
sufficient amount. 

I. Benefits of providing a Zener diode 

[0132] As shown in Fig. 1, the PWM inverter output 
circuit accorcfing to the present embodiment comprises 
a Zener diode ZD1 with the anode thereof connected to 
the low voltage side of the power supply capacitor CI. 
and the cathode connected to the high voltage side off 
the power supply capacitor C1 by way of switching ele- 
ment Q1 3. This Zener diode ZD1 prevents an excessive 
voltage rise during power supply capacitor C1 charging. 
That is, bypass circuit 41 or switching element Q13 is on 
during charging, the high voltage potential of the power 
supply capacitor C1 and the cathode potential of the 
Zener diode ZD1 become equal. As a result, if the volt- 
age at both ends of the power supply capacitor C1 rises 
excessively, the Zener diode ZD1 conducts in the 
reverse direcfion to clamp the end voltages of the power 
supply capacitor C1 and prevent an excessive voltage 
rise. 

[01 33] Note that the cathode of the Zener diode ZD1 
is connected through the switching element Q13 
because the energy stored to the power supply capaci- 
tor C1 will leak from flie Zener diode ZD1 during non- 
charging periods if the Zener diode ZD1 is parallel con- 
nected to thepower supply capacitor C1 . By connecting 
the Zener diode ZD1 through the switching element 
Q1 3 to the power supply capacitor C1 as described 
above, however, current leakage from the Zener diode 
ZD 1 can be prevented, and the end voltages of the 
power supply capacitor C1 can be clamped. 

J. Countermeasures for parasitic diodes 

[01 34] As described above, the bypass circuit 41 and 
bypass control circuits 42a and 42b prevent the effects 
of a parasitic diode during initial charging. By making 
the switching element Q13 fully on during normal oper- 
ation after initial charging is completed, the switching 
element Q13 rather than the bypass circuit 41 functions 
as the charging path. When the switching element Q13 



cannot be switched on because the end voltages of the 
power supply capacitor Cthave dropped for some rea- 
son, however, it is still necessary to prevent the adverse 
effects of the parasitic diode. An exemplary circuit for 
5 accomplishing this is described next below with refer- 
ence to Fig. 7 to Fig. 9. Note that for convenience of 
description, only the circuits of the part relevant to this 
parasitic diode countermeasure are shown in Fig. 7 to 
Fig. 9. 

10 [0135] A first exemplary circuit is shown in Fig. 7 
where part of the predrive circuit 17, the power circuit 
1 1 , and a parasitic prevention circuit 61 are shown. Note 
that the parasitic prevention circuit 61 is provided addi- 
tionally to the bypass circuit 41 and bypass control cir- 

15 cuit 42a of the predrive circuit 17 shown in Fig. 3, and 
the bypass control circuit 42b of the charge control cir- 
cuit 19 shown in Fig. 4. 

[01 36] As shown in Fig. 7, the parasitic prevention cir- 
cuit 61 comprises a diode D1 1 , and a resistor R1 1 con- 

20 nected in series to the anode of the diode D11. This 
series circuit of resistor R11 and diode D11 is parallel 
connected to the switching element Q13, and a node 
between the resistor R1 1 and diode D1 1 is connected to 
the common source of the power elements P1 and P2. 

25 [0137] With this configuration, the charging current 
passing through the output terminal of the power circuit 
11 does not flow toward parasitic diode BD3 while 
refreshing the charge to the power supply capacitor C1 
because of the large voltage drop at resistor R1 1 , and a 

30 charging path is formed whereby the charging current 
flows instead to diode D1 1 and does not pass the para- 
sitic diode BD3. As a result, the effects of a parasitic 
diode on refresh charging mode operation are avoided. 
[01 38] While a small current of approximately 1 00 ^iA 

35 is constantly emitted from the constant current source 
CS2, it is possible for this small current to flow to the 
parasitic diode BD3 if the voltage drop of the resistor 
R1 1 is not sufficient. This can be avoided, however, by 
operating the bypass circuit 41 when there is a voltage 

40 drop at both ends of the power supply capacitor C1 . For 
the bypass circuit 41 to operate when there is a voltage 
drop at both ends of the power supply capacitor C1 , the 
MOSFETs Q41 and Q42, and resistor R6 can be 
removed. In addition, when the voltage at both ends of 

45 the power supply capacitor C1 is normal, the large 
refreshing charging current flow through the diode D1 1 
and not the switching element Q13. As a result, the 
device size of the switching element Q13 can be 
reduced a corresponding amount, and the circuit size 
so can be further reduced accordingly. 

[01 39] A second exemplary circuit is shown in Fig. 8. 
Note that the parasitic prevention circuit 63 shown in 
Fig. 8 comprises a parallel circuit of diode D1 3 and 
diode D15 connected in opposite directions in place of 
55 the resistor R1 1 used in the parasitic prevention circuit 
61 shown in Fig. 7. In this circuit, the charging path is a 
channel from the output terminal 104 of the power cir-. 
cuit 1 1 and including the diode D1 1 . This is because a 
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path of only diode D11 has fewer diodes than a path 
using diode D15 and parasitic diode 8D3, and current 
flows more easily. Note that during normal operation, 
current flows through the diode D13 and diode D15 to 
control the source potential of the power elements P1 
andP2. 

10140] Note that with the circuit configuration shown in 
Fig. 8 the entire charging current including the small 
current from the constant current source CS2, flows 
through the diode D1 1 , and the parasitic diode BD3 is 
therefore never conductive. As a result, the bypass cir- 
cuit 41 and bypass control circuits 42a and 42b can be 
eliminated by using the parasitic prevention circuit 63 
shown in Fig. 8. 

[0141 ] Detecting the conditions under which charging 
starts is simplified by using a parasitic prevention circuit 
as shown in Fig. 7 or Fig. 8, and charging control free of 
the problems introduced by a parasitic diode can be 
achieved using a simpler circuit configuration. 
[0142] There is also a method of preventing similar 
parasitic effects by connecting a Schottky barrier diode 
with a small forward voltage parallel to the parasitic 
diode BD3. The problem with a Schottky barrier diode, 
however, is that the leakage current in the reverse direc- 
tion is great. As a result, using a Schottky barrier diode 
for parasitic prevention results in a large leakage current 
flowing through the Schottky barrier diode when the 
switching element Q14 is on, thus accelerating a drop in 
the voltage at both ends of the power supply capacitor 
CI. 

{0143] It should therefore be noted that a common sil- 
icon diode with a small reverse leakage cunent can be 
used as diode D1 1 to achieve a parasitic prevention cir- 
cuit as shown in Fig. 7 or Fig. 8. Unlike what happens if 
a Schottky barrier diode is used, current leakage does 
not cause a drop in the end voltages of the power supply 
capacitor C1 . 

[0144] A third exemplary circuit is shown in Fig. 9. 
Note that the device shown in Fig. 9 uses a bypass con- 
trol circuit 42c in place of the bypass circuit 41 in the 
predrive circuit 17 (Fig. 3) and the bypass control circuit 
42b of the charge control circuit 19 (Fig. 4). 
[0145] This bypass control circuit 42c comprises an 
OR gate OR1 and an n-channel MOSFET Q46. The 
outputs from inverter IV1 9 and inverter IV20 are applied 
to the OR gate OR1 , and the output of the OR gate OR1 
is applied to the gate of the MOSFET Q46. The source 
of the MOSFET Q46 is connected to the negative side 
(ground line) of the control power source V2, the drain 
of the MOSFET Q46 is common with the drain of the 
MOSFET Q23 in the bypass control circuit 42a through 
a node between the MOSFET Q23and the MOSFET 
Q46 connected to the gate of switching element Q13. 
[0146] Thus comprised, the MOSFET Q46 switches 
on when either MOSFET Q31 or MOSFET Q33 of the 
charging current circuit 49 is on, thereby causing the 
switching element Q13 to switch on. Because the 
switching element Q13 is also conductive in the reverse 



direction when on, the charging current passes the 
switching element Q13 and not the parasitic diode dur- 
ing charging, and the undesirable effects introduced by 
the parasitic diode can be avoided. 

5 [01 47] It should be noted that the performance of the 
power supply capacitor C1 drops as a result of use over 
an extended period. Therefore, the exemplary circuit 
shown in Fig. 9 is effective when the terminal voltages of 
the power supply capacitor C1 do not rise sufficiently 

10 and the switching element Q1 3 cannot form a charging 
path. 

K. Alternative version of a power circuit 

15 [01 48] As described above, the first power element P 1 
connected to the high voltage side of the power circuit 
1 1 is an n-channel MOSFET, and the second power ele- 
ment P2 connected to the low voltage side is a p-chan- 
nel MOSFET. The power circuit 11 of the present 

20 invention shall not be so limited, however, and various 
other configurations are possible. An exemplary alterna- 
tive version of the power circuit 1 1 is described next with 
reference to Fig. 10 and Fig. 11. 
[0149] In the power circuit shown in Fig. 10, the first 

25 power element comprises a serial circuit having an n- 
channel MOSFET Q51 and a diode D21, with another 
diode D23 parallel connected to this series circuit. The 
diode D21 is oriented in the forward direction to MOS- 
FET Q51, and diode D23 is oriented in the reverse 

30 direction. 

[01 50] The second power element similarly comprises 
a serial circuit having a p-channel MOSFET Q52 and 
diode D25, and another diode D27 parallel connected 
thereto. The diode D25 in this case is oriented in the for- 

35 ward direction to the MOSFET Q52, and the diode D27 
is oriented in the reverse direction. 
[01 51 ] By thus configuring the power circuit, conduct- 
ing by the parasitic diodes of MOSFET Q51 and Q52 is 
prevented, and reverse current flow is rerouted by the 

40 diodes D23 and D27. 

[01 52] The reverse recovery time of a power MOSFET 
parasitic diode is generally slow, and when the reverse 
recovery time is slow, switching loss and noise increase 
during PWM control. While power MOSFETs having a 

45 parasitic diode with a fast reverse recovery time have 
been developed with recent advances in semiconductor 
technologies, the power circuit shown in Fig. 10 is useful 
when switching loss and noise are a problem. 
[01 53] In a further exemplary power circuit as shown 

so in Fig. 1 1 , the first power element comprises an n-chan- 
nel insulated gate bipolar transistor (IGBT) Q53, and a 
diode D31 parallel connected thereto with the direction 
of current flow reversed relative to the IGBT Q53. 
[01 54] The second power element similarly comprises 

55 a p-channel insulated gate bipolar transistor (IGBT) 
Q54, and a diode D33 parallel connected thereto with 
the direction of current flow reversed relative to the 
IGBTQ54. 
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[0155] A PWM inverter output circuit with higher out- 
put can be achieved by thus using configuring the power 
circuit with IGBT elements having a higher current out- 
put capacity than MOSFET elements. 

(Embodiment 2) 

[0156] A PWM inverter output circuit according to the 
first embodiment of the present invention as described 
above uses n-channel MOSFETs and p-channel MOS- 
FETs for the power elements, and controls the on and 
off states of these power elements using the same con- 
trol signal. Thus, the PWM inverter output circuit 
according to the first embodiment is suitable for use with 
a power circuit that can be driven with zero dead time. 
[0157] A PWM inverter output circuit according to the 
second embodiment described below, however, uses a 
pair of n-channel MOSFETs in the power circuit, and 
controls MOSFET operation with separate control sig- 
nals. A. Circuit configuration 

[0158] Fig. 12 is a block diagram of a PWM inverter 
output circuit according to the present embodiment of 
the invention. As shown in Fig. 12, this PWM inverter 
output circuit comprises a power circuit 11a having a 
first power elements P1 1 and a second power elements 
P12 for outputting a drive voltage to a motor; an input 
signal processor 13a to which control information for 
controlling the power circuit 1 1a is input; a level shift cir- 
cuit 15a for setting a signal line carrying the control 
information to a predetermined control state based on 
the supplied control information; a first predrive circuit 
1 7a for controlling driving the f irst power element P1 1 of 
the power circuit 1 1a based on a predetermined control 
state; a second predrive circuit 17b for controlling driv- 
ing the second power element P12 of the power circuit 
11a based on a predetermined control state; a power 
supply capacitor C1 used as the power source for driv- 
ing first power element P1 1 ; a first charge control circuit 
19a for controlling charging the power supply capacitor 
CI; a second charge control circuit 19b for charging a 
power for driving the second power element P12 in the 
second predrive circuit 17b; a main dc power source V1 
for supplying an output voltage; and a control power 
source V2 for supplying power for driving the overall cir- 
cuitry of the PWM inverter output circuit. 
[01 59] These elements of the PWM inverter output cir- 
cuit are described in further detail below. 
[0160] Asshownin Fig. 12, the power circuit 11a com- 
prises a pair of the first power element P.1 1 and the sec- 
ond power element P12 where both power elements are 
n-channel MOSFETs. The drain of the first power ele- 
ment P11 is connected to the positive side of the main 
dc power source V1 , and the source is connected to the 
drain of second power element P12. The source of the 
second power element P12 is connected to the negative 
side of the main dc power source V1. A parasitic diode 
(not shown in the figures) is present between the source 
and drain of the MOSFET power elements P11 and 



P12. 

[01 61 ] Schematic diagrams of the input signal proces- 
sor 13a and level shift circuit 15a are shown in Fig. 13. 
As shown in the figure, the input signal processor 13a 

5 comprises NAND gates NA1 , NA2, and NA32, inverters 
IV1, IV2, and IV33, logic circuit 31a, delay circuits DL1 
and DL2, control power monitor 33. 
[01 62] The control power monitor 33 is the same as 
that of the first embodiment described above. 

w [01 63] The logic circuit 31 has input A and outputs X 
and Y, and operates according to a truth table such as 
shown in Fig. 17. 

[01 64] The input signal processor 1 3a has input termi- 
nals 101 and 102. Control information for the power cir- 
15 cuit 1 1 a is supplied through the input terminals 1 0 1 and 
102. A motor free signal is applied to input terminal 101 , 
and the switching command signal is applied to input 
terminal 102. 

[0165] The level shift circuit 15a comprises signal 

20 lines 25a and 27a; resistors R1 and R2; MOSFETs Q1 
and Q2; and diodes D1 and D2. Resistor R1 and n- 
channel MOSFET Q1 are connected in series to signal 
line 25a, and resistor R2 and n-channel MOSFET Q2 
are connected in series to signal line 27a. 

25 [0166] Signal lines 25a and 27a are connected 
between the high voltage side of the predrive circuit 17a 
at one end after passing resistors R1 and. R2, respec- 
tively, and a ground line from which the reference poten- 
tial of the PWM inverter output circuit is supplied at the 

30 other end after passing MOSFETs Q1 and Q2, respec- 
tively. As a result, when the MOSFETs Q1 and Q2 are 
off, signal lines 25a and 27a are high. When MOSFETs 
Q1 and Q2 are on, the signal lines 25a and 27a go low. 
[01 67] Note that the diodes D1 and D2 shown in Fig. 

35 13 perform the same function as described in the first 
embodiment. 

[0168] Fig. 14 shows the circuit diagram of the first 
predrive circuit 17a. The first predrive circuit 17a com- 
prises, as shown in Fig. 14, a state detection circuit 34a, 
40 filter circuits FL4 and FL5, latch circuit RS4, driver con- 
trol circuit 36a, and output driver circuit 37a. 
[0169] The state detection circuit 34a comprises 
NAND gates NA33 and NA34, and inverters IV34 and 
IV35. 

45 [0170] The filter circuits FL4 and FL5 comprise a 
resistance, a diode, a capacitor, and an inverter. The 
latch circuit RS4 is an RS flip-flop with contacts for set 
input /S, reset inputs /R1 and /R2, and output Q. The 
order of precedence in latch circuit RS4 is /R1 > /S > 

so /R2. Note, further, that the driver control, circuit 36a 
comprises NAND gate NA35, and inverters IV40 and 
IV41. 

[01 71 ] The output driver circuit 37a comprises serially 
connected switching elements Q61 and Q62. Switching 
55 element Q61 is a p-channei MOSFET, and switching 
element Q62 is an n-channel MOSFET. A common 
node between switching element Q61 and Q62 is the 
output terminal of this output drive/, and is connected to 
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a node between the first and second power elements 
P1 1 and P12 of the power circuit 11a. The high voltage 
side of the switching element Q61 is connected through 
resistor R21 to the gate of first power element P11 . 
[0172] Note that the first predrive circuit 17a of the 5 
present embodiment also comprises a bypass circuit 41 
and bypass control circuit 42a as provided in the pre- 
drive circuit 1 7 of the first embodiment. 
[01 73] The gate-source potential of the first power ele- 
ment P1 1 , and the on/off state of thef irst power element 10 
P1 1 , are controlled by controlling the on/off states of the 
switching elements Q61 and Q62 in the output driver 
circuit 37a of this first predrive circuit 1 7a. Then, the 
supply voltage for driving the power element P11 is 
drawn from the energy stored to the power supply 15 
capacitor C1 . 

[01 74] The first charge control circuit 1 9a is described 
next with reference to Fig. 15. 
[0175] The first charge control circuit 19a controls 
charging the power supply capacitor C1 . The configura- 20 
tion and operation of the first charge control circuit 1 9a 
are the same as those of the charge control circuit 19 in 
the first embodiment described above, and further 
description thereof is omitted below. 
[0176] The second predrive circuit 17b and second 25 
charge control circuit 1 9b are shown in Fig. 1 6. The sec- 
ond predrive circuit 17b comprises an n-channel MOS- 
FET Q66, resistor R23, diode D23, inverter IV42 and 
IV43, and output driver circuit 37b. 
[0177] The output driver circuit 37b comprises a p- 30 
channel MOSFET switching element Q63, and an n- 
channel MOSFET switching element Q64. A common 
node between switching element Q63 and Q64 is an 
output terminal of this output driver. The output terminal 
is connected through resistor R22 to the gate of the sec- 35 
ond power element P12. 

[01 78] The gate-source potential of the second power 
element P12 is controlled and the second power ele- 
ment P12 is thus driven by mutually switching the 
switching elements Q63 and Q64 on and off in this sec- 40 
ond predrive circuit 17b. Note that a power supply 
capacitor C3 in the second charge control circuit 19b is 
used as the drive power source for the second power 
element P12. 

[0179] The second charge control circuit 19b com- 45 
prises a power supply capacitor C3 and charge pump 
CG. The charge pump CG comprises an oscillator 61 , 
inverter IV44, p-channel MOSFET Q67, n-channel 
MOSFET Q68, capacitor C2, and diodes D21 and D24. 
The charge pump CG charges the power supply capac- so 
itor C3 from the control power source V2. The charge 
pump CG is known from the literature, however, and fur- 
ther description thereof is thus omitted below. 

B. Operation 55 

[0180] The operation of a PWM inverter output circuit 
thus comprised is described next below. The operation 



of this PWM inverter output circuit is basically the same 
as the operation of the PWM inverter output circuit 
according to the first embodiment, and is therefore 
briefly described below. 

[0181] The present embodiment is described herein 
as setting the power circuit 1 1a to a free-run state when 
the motor free signal goes low, and to normal operation 
when the motor free signal is high. When the switching 
command signal is high, the first power element P11 is 
on; when low, the second power element P12 is on. 
[0182] During normal operation when the first power 
element P11 is on (both the motor free, signal and 
switching command signal are high), outputs X and Y of 
the logic circuit 31 a in the input signal processor 1 3a are 
high and low, respectively. The signal lines 25a and 27a 
in the level shift circuit 15a are controlled low and high, 
respectively. The NAND gate NA33 of the state detec- 
tion circuit 34a in the first predrive circuit 1 7a detects the 
control state, and the latch circuit RS4 is set. 
[01 83] Based on the output from the latch circuit RS4, 
the driver control circuit 36a switches the switching ele- 
ment Q61 off and switching element Q62 on. Then, the 
first power element P11 switches on using the power 
supply capacitor C1 as a power source. 
[01 84] As in the first embodiment, when the reference 
potential of the first predrive circuit 1 7a rises, the signal 
lines 25a and 27a go momentarily low as a result of the 
floating capacitance on the signal lines, The state 
detection circuit 34a, however, does not recognize the 
state in which each of the signal lines 25a and 27a is 
low, and misoperation as a result of this floating capaci- 
tance is prevented. 

[01 85] As also described in the first embodiment, out- 
put X of the logic circuit 31a goes from high to low after 
a predetermined period of time, thereby cutting off cur- 
rent flow to the signal lines 25a and 27a. 
[01 86] The output of NAND gate NA2 in the input sig- 
nal processor 1 3a goes high at this time and a high is 
applied to the gate of MOSFET Q66 in the second pre- 
drive circuit 17b. MOSFET Q66 therefore switches on, a 
high is applied to the gate of switching element Q63 and 
switching element Q64, and switching element Q64 
switches on. Therefore, the second power element P12 
switches off. 

[0187] The case in which the second power element 
P12 is turned on (the motor free signal is high and the 
switching command signal is low) during normal opera- 
tion is considered next. 

[01 88] A low is applied to the MOSFET Q66 of second 
predrive circuit 17b at this time, and MOSFET Q66 
switches off. A low is applied to switching elements Q63 
and Q64, and switching element Q63 switches on. The 
second power element P12 thus turns on using the 
power supply capacitor C3 as a power source. 
[0189] Input A of logic circuit 31a in the input signal 
processor 13a goes low at this time, and outputs X and 
Y go low and high. The signal lines 25a and 27a of the 
level shift circuit 15a are thus controlled high and low. 
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[0190] The control states of the signal lines 25a and 
27a are detected by the N AND gate NA34 of the state 
detection circuit 34a in the first predriv circuit 1 7a, and 
the latch circuit RS4 is reset Based on the output from 
the latch circuit RS4, the driver control circuit 36a turns 
switching element Q61 on, and switching element Q62 
off. The first power element P1 1 thus switches oft 
[01 91 ] As in the first embodiment, when the reference 
potential of the first predrive circuit 17a drops, thesignal 
lines 25a and 27a go momentarily high as a result <of the 
floating capacitance on the signal lines. The state 
detection circuit 34a, however, does not recognize the 
state in which each of the signal lines 25a and 27a is 
high, and rrusoperation as a result of this floating capac- 
itance is prevented. 

[01 92] As also described in the first embodiment, out- 
put Y of the logic circuit 31a goes from high to low after 
a predetermined period of time, thereby cutting off cur- 
rent flow to the signal lines 25a and 27a. At this time, 
output Y can also remain high after a predeterinined 
period of time. 

[0193] Operation when the power circuit 1 la is con- 
trolled to a free-run state is described next. 
[0194] When the power circuit 1 1a is controlled to a 
free-run state, the motor free signal is tow, and a Bow is 
applied to input A of the logic circuit 31a. This is the 
same as the above<lescribed operation whereby the 
second power element P12 is switched on; the first 
power element P11 is turned off by a similar procedure. 
The output of NAND gate NA2 at this time is high, which 
is again the same as turning the first power element P1 1 
on above and the second power element P12 off. The 
power circuit 1 1a can thus be controlled to a free-run 
state. Note that when controlled to the free-run state, 
operation is not affected by the floating capacfcance 
present on the signal lines 25a and 27a for the same 
reasons described in the first embodiment. 
[01 95] The operation of the first charge control circuit 
1 9a is identical to that of the charge control circuit 1 9 in 
the first embodiment, and further description thereof is 
thus omitted below. 

[0196] As will be known from the above description, 
the predrive circuits and charge control circuits of a 
PWM inverter output circuit according to the present 
embodiment can achieve the same benefte as 
described in the first embodiment above when applied 
to a power circuit comprising a pair of n-channel MOS- 
FETs each controlled by a different control signal- 
embodiment 3) 

[01 97] A different version of a PWM inverter output cir- 
cuit for a power circuit configured identically to that of 
the second embodiment is described next as a third 
embodiment of the present invention with reference to 
Fig. 18. A. Circuit configuration 
[0198] As shown in Fig. 18, the PWM inverter output 
circuit according to the present embodiment comprises 



a power circuit 1 1a having first and second power ele- 
ments P11 and P12 for outputting a drive voltage to a 
motor; an input signal processor 13b to which control 
information for controlling the power circuit 1 1a is input; 

5 a level shift circuit 15b for setting a signal line carrying 
the control information to a predetermined control state 
based on the supplied control information; a first pre- 
drive circuit 1 7c for controlling driving the first power ele- 
ment P11 of the power circuit 11a based on a 

w predetermined control state; a second predrive circuit 
17d for controlling driving the second power element 
P12 of the power circuit 11a based on a predetermined 
control state; a power supply capacitor C1 used as the 
power source for driving first power element P11; a 

75 main dc power source V1 for supplying an output volt- 
age; and a control power source V2 for supplying power 
for driving the overall circuitry of the PWM inverter out- 
put circuit. 

[01 99] These elements of the PWM inverter output cir- 

20 cuit are described in further detail below. 

[0200] The configuration of the power circuit 1 1 a and 
level shift circuit 15b in this embodiment are the same 
as those of the second embodiment above, and further 
description is thus omitted below. 

25 [0201] The input signal processor 13b comprises 
NAND gates NA1, NA2, and NA32, inverters IV1 and 
IV33, logic circuit 31a, delay circuit DL3, control power 
monitor 33. 

[0202] The delay circuit DL3 delays signal transmis- 
30 sion to generate dead time. The control power monitor 
33 and logic circuit 31 a are identical to those of the sec- 
ond embodiment. 

[0203] The input signal processor has input terminals 
101 and 102. Control information for the power circuit 
35 11a is supplied through the input terminals 101 and 
102. A motor free signal is applied to input terminal 101 , 
and the switching command signal is applied to input 
terminal 102. 

[0204] The first predrive circuit 17c comprises, as 
40 shown in Fig. 18, a state detection circuit 34b, filter cir- 
cuits FL6 and FL7, a latch circuit RS4, a driver control 
circuit 36c, an output driver circuit 37c, and an insuffi- 
cient voltage detector 35. 

[0205] The state detection circuit 34b, filter circuits 
45 FL6 and FL7, a latch circuit RS4, and an output driver 
circuit 37c are identical to those of the second embodi- 
ment. 

[0206] The driver control circuit 36c comprises NAND 
gates NA43 and NA44, to each of which are applied sig- 

50 nals from the insufficient voltage detector 35 and latch 
circuit RS4. More specifically, the output of NAND gate 
NA43 is applied to the gate of switching element Q61, 
and the output of NAND gate NA44 is applied to the 
gate of switching element Q62. The output terminal of 

55 the output driver circuit 37c (that is, a node between 
switching elements Q61 and Q62) is connected through 
a resistor R21 to the gate of the first power element 
P1 1. The source of the switching element Q62 is con- 
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nected to the source of the first power element P1 1 in 
the output driver circuit 37c A power supply capacitor 
C1 is connected parallel to the output diriver circuit 37c. 
A diode D1 5 is connected between the high voltage side 
of the power supply capacitor C1 and ftie positive side 
of the control power source V2 with the cathode thereof 
toward the power supply capacitor Ct and the anode 
toward the control power source V2. 
[0207] The second predrive circuit 17d comprises a 
driver control circuit 36d and an output Oliver circuit 37d. 
The driver control circuit 36d comprises NAND gate 
NA45, a delay circuit OL4, and inverters IV57 to IV60. 
The output driver circuit 37d is identical to the output 
driver circuit 37 of the first embodiment. In the output 
driver circuit 37d, the source of switching element Q63 
is connected to the positive side of the control power 
source V2, and the source of the switching element Q64 
is connected to the negative side of trie control power 
source V2. A node between switching elements Q63 
and Q64 is the output terminal of the output driver circuit 
37d, and is connected through a resistor R22 to the gate 
of the second power element P12. 

B. Operation 

[0208] The operafion of a PWM inverter output circuit 
thus comprised is basically the same asttie operation of 
the PWM inverter output circuit according to the first 
embodiment. That is, the power elements P1 1 and PI 2 
of the power circuit 11a can be controlled based on the 
motor free signal and switching command signal. 
[0209] More spedficaHy. both the motor free signal 
and switching command signal must be high to turn the 
first power element P1 1 on. The signal lines 25a arid 
27a go low and high, respectively, and the latch circuit 
RS4 is set based on the control state detected by the 
state detection circuit 34b. 

[021 0] Based on the 'output from the latch circuit RS4, 
the driver control circuit 36c switches the switching ele- 
ment Q61 on. As a result the first power element P11 
switches on. A low is applied via inverter IV57 to the 
NAND gate NA45 at the same time, resulting in a high 
at the output. The switching element QS4 thus switches 
on, and the second power element P12 switches off. 
[021 1 ] The power supply capacitor CI , which is used 
as the power source for driving the first power element 
P11 , is charged while the second power element P12 is 
on. The charging path at this time is from the positive 
side of the control power source V2 to diode D15, the 
power supply capacitor C1, the second power element 
P12, and then to the negative side of the control power 
source V2. 

[021 2] To turn the second power element P1 2 on, the 
motor free signal goes high and the switching command 
signal goes low. Operation at this time is the reverse 
logic of operation when the first power element P1 1 is 
on, that is, the first power element P1 1 switches off and 
the second power element P 12. switches on. The sec- 



ond power element P12 is thus driven by the voltage 
from the control power source V2 applied by way of the 
switching element Q63 in the second predrive circuit 
17d. 

s [021 3] The power circuit 1 1 a can be controlled to a 
free-run state by driving the motor free signal low. 
[0214] As will be known from the above description, 
the predrive circuits and charge control circuits of a 
PWM inverter output circuit according to the present 

10 embodiment can achieve the same benefits as 
described in the second embodiment above when 
applied to a power circuit comprising only n-channel 
MOSFETs. 

15 (Embodiment 4) 

[0215] The control power source V2 and circuit parts 
operated by the control power source V2 can be pro- 
vided on the high voltage side of the main dc power 
source V1 in a PWM inverter output circuit according to 
the first embodiment described above. A circuit diagram 
for a charge control circuit used in this case is shown in 
Fig. 19. 

[0216] As will be known from the figure, the charge 
control circuit 19c comprises a capacitor voltage moni- 
tor 43b, a predrive reference potential monitor 47b, a 
control circuit 51b and a charging current circuit 49b. 
[021 7] The capacitor voltage monitor 43b comprises a 
constant current source CS3, a resistor R31, and a 
comparator CP2. The capacitor voltage monitor 43b 
monitors both end voltages of the power supply capaci- 
tor C1 similarly to the capacitor voltage monitor 43 of 
the first embodiment, and outputs high when the 
detected voltage drops to or below a predetermined 
value. 

[0218] The predrive reference potential monitor 47b 
comprises a constant current source CS4, n-channel 
MOSFETs Q71 and Q73, and a diode D31. When the 
reference potential of the predrive circuit 17 rises higher 
than a predetermined value, MOSFET Q73 switches on 
and the predrive reference potential monitor 47b output 
goes low. 

[021 9] The charging current circuit 49b comprises a p- 
channel MOSFET Q75 and a p-channel MOSFET Q77 
in a parallel circuit arrangement. 
[0220] The control circuit 51b controls the on/off states 
of MOSFETs Q75 and Q77 in the charging current cir- 
cuit 49b by means of logic gates, for example, based on 
the outputs from the capacitor voltage monitor 43b, the 
predrive reference potential monitor 47b, the input sig- 
nal processor 13, and the control power monitor 33. The 
signal output from the input signal processor 13 is 
based on the motor free signal and switching command 
signal. 

[0221] The charge control circuit 19c thus comprised 
operates the same as that of the f irst embodiment. Note 
that the low voltage side of the switching element Q14 in 
the second output driver is included in the charging path 
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of the power supply capacitor C1 in this case. More spe- 
cifically, the charging path is formed when a connection 
between the low voltage side of the power supply 
capacitor C1 and the output terminal of the power circuit 
is completed. The charging path in this case is. as 
shown in Fig. 19, from the positive side of the control 
power source V2 to the charging current circuit 49b, 
power supply capacitor C1. switching element Q14, the 
parasitic diode BD1 of first power element P1, and then 
to the negative side of the control power source V2. 

Benefits of the invention 

[0222] In a PWM inverter output circuit according to 
one preferred embodiment of the present invention, the 
predrive circuit comprises a state detection circuit for 
detecting a control state from a combination of logic sig- 
nals converted from the input signals applied thereto, 
and a latch circuit for holding a detected control state. A 
power circuit is controlled based on the control state 
stored by the latch, and the state detection circuit 
detects as valid control states only those control states 
in which all logic signals are not the same state. 
[0223] Spurious effects resulting from the floating 
capacitance of the signal lines used for transferring the 
logic signals can thereby be eliminated, and the power 
circuit can prevent the effects of dv/dt transient signals 
during PWM corrtroL 

[0224] As a result the circuit can be achieved without 
using a pulse filter to remove transient signals, and the 
problems of degraded response and dv/dt transient sig- 
nals arising from a pulse filter can be resolved. 
[0225] The input signal processor and predrive circuit 
are also cut off after the control state corresponding to 
the input signal is stored by the input signal processor. 
Power consumption by the circuits and power supply 
capacitor is thus reduced. This is particularly effective 
during two-phase PWM control. 
[0226] The output voltage of the control power source 
is also monitored in a PWM inverter output circuit, ena- 
bling both power elements of the power circuit to be 
switched off to a free-run state when a problem is 
detected in the control power source. Damage to the 
PWM inverter output circuit can thus be prevented, and 
safe operation made possible. 
[0227] A PWM inverter output circuit according to 
another embodiment of the present invention further 
comprises a charging control circuit for controlling 
charging the power supply capacitor, and charges the 
power supply capacitor using as the charging path a 
path through a switching element of the output driver 
and the output terminal of the power circuit. Charging 
during the free-run state is thus made possible, and a 
driven motor can be safely started when, for example, 
the motor shaft is turning due to some external factor. 
[0228] The reference potential of the predrive circuit is 
also monitored to start charging when this reference 
potential drops a sufficient amount. Low loss charging is 



thus possible. The voltage at both ends of the capacitor 
is also monitored, and the capacitor is only charged 
when said voltages drop to a predetermined level. Over- 
charging the power supply capacitor can thus be pre- 
5 vented, charging loss can be reduced, and the voltage 
between the power supply capacitor terminals can be 
stabilized. 

[0229] Overcharging can also be prevented without 
the charge stored to the power supply capacitor leaking 
io by providing a voltage clamping means at each end of 
the power supply capacitor downstream of the output 
driver switching elements. 

[0230] The spurious effects introduced by a parasitic 
diode in the switching elements can also be avoided by 

75 using a bypass circuit to form an alternative current path 
during charging. Alternatively, a charging bypass circuit 
can be provided to prevent the flow of charging current 
to the switching elements during charging, thereby 
again avoiding any spurious effects introduced by such 

20 parasitic diodes. 

[0231] A PWM inverter output circuit according to a 
further embodiment of the invention appropriately 
switches the charging modes used for charging the 
power supply capacitor. More specifically, the current 

25 used for a refresh charging mode used to refresh the 
capacitor charge during normal operation is greater 
than the current used in an initial charging mode 
whereby the capacitor is initially charged at the start of 
operation. As a result, the capacitor charge can be rap- 

30 idly refreshed during operation without increasing the 
output capacity of the control power source. 
[0232] The optimal charging mode can thus be 
selected according to the current charge state. 
[0233] A charging completion signal is also output 

35 when initial charging is completed. This signal can thus 
be referenced to enable safe, rapid starting of the motor 
without damage to the system overall or the motor. 
[0234] In a PWM inverter output circuit according to a 
further embodiment of the invention, an alternative cur- 

40 rent path is formed by a bypass circuit parallel to the 
switching element when charging the power supply 
capacitor. The charging current can thus be prevented 
from flowing to the switching elements, and the spurious 
effects of a parasitic diode at the switching element can 

45 be avoided. 

[0235] A PWM inverter output circuit according to a 
further embodiment of the invention substitutes for the 
power circuit of the above-described embodiments a 
power circuit having a first power element and a second 

so power element. The first power element comprises a 
control electrode and a reference electrode, and is con- 
ductive to the reference electrode when a positive volt- 
age is applied to the control electrode. The second 
power element likewise comprises a control electrode 

55 and a reference electrode, and is conductive to the. ref- 
erence electrode when a negative voltage is applied to 
the control electrode. This PWM inverter output circuit 
also attains the above-described benefits. 
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|D236] The invention being thus described, it wffl be 
ofrvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and ail such 
modifications as would be obvious to one skilled in the 5 
art are intended to be included within the scope of the 
following claims. 

Claims 

10 

1 . A PWM inverter output circuit comprising: 

a main dc power source (V1); 
a power circuit (11) having 

15 

a first power element (P1) cmrnprising a 
first control electrode and a first reference 
electrode, said first power element (P1J 2. 
being conductive when a posffive voltage 
with respect to the first reference electrode 20 
is applied to the first control electrode, and 
a second power element (P2) comprising a 
second control electrode and asecond ref- 
erence electrode, said second <power ete- 3. 
ment (P2) being conductive when a 25 
negative voltage with respect tto the sec- 
ond reference electrode is applied to the 
second control electrode, sand first and 
second reference electrodes toeing con- 
nected together, and said first and second 30 
control electrodes being connected 
together; 4. 

a control power source (V2); 
a power supply capacitor (C1) beiing charged 35 
by an output voltage of the coratrol power 
source (V2); 

an input signal processor (13) for receiving a 
command signal which controls tunning on and 
off said power elements (P1.P2) and for pro- 40 
during a predetermined plurality csf logic sig- 
nals; and 

a predrive circuit (17) having: 

a state detection circuit (34) forcdetecting a 45 

requested control state from a combination 

of said plurality of logic signafe outputted 5. 

from the input signal processor (13), 

a latch circuit (RS) for nodding said 

requested control state detected by the so 

state detection circuit (34), 

a first output driver (37x) comprising a pair 

of switching elements (Q11.CW2) serially 

connected between terminals otf ihe power 

supply capacitor (C1) for controlling a volt- 55 

age applied to said first and second control 

electrodes, and 

a second output driver (37y) comprising a 



pair of switching elements (Q13.Q14) seri- 
ally connected between terminals of the 
power supply capacitor (C11) for control- 
ling a voltage applied to said first and sec- 
ond reference electrodes, 
said first and second output drivers 
(37x,37y) driving said power circuit (11) 
using the power supply capacitor (C1 1) as 
a power source by controlling turning on 
and off said switching elements (Q1 1 -Q1 4) 
based on said requested control state held 
by the latch circuit (RS) to control a voltage 
between said first control electrode and 
said first reference electrode and a voltage 
between said second control electrode and 
said second reference electrode. 

The PWM inverter output circuit according to claim 
1, wherein the state detection circuit (34) detects a 
state excluding a state in which all of the plurality of 
logic signals output from the input signal processor 
(13) are the same state. 

The PWM inverter output circuit according to claim 
1, wherein the input signal processor (13) electri- 
cally isolates the input signal processor (13) from 
the state detection circuit (34) after a control state 
corresponding to outputted logic signals is latched 
by the latch circuit (RS) when the power supply 
capacitor (C1) is not charged. 

The PWM inverter output circuit according to daim 
1, further comprising a power source monitor circuit 
(33) for monitoring an output voltage of the control 
power source (V2), 

said input signal processor (1 3) generating a 
logic signal resulting in both power elements 
(P1,P2) of the power circuit (11) switching to an off 
state, and electrically isolating said input signal 
processor (13) from the state detection circuit (34) 
after said control state corresponding to outputted 
logic signals is latched by the latch circuit (RS), 
when the output voltage of the control power source 
(V2) is not normal based on an output of said power 
source monitor circuit (33). 

A PWM inverter output circuit comprising: 

a main dc power source (V1); 
a power circuit (1 1) having: 

a first power element (P1) comprising a 
first control electrode and a first reference 
electrode, said first power element being 
conductive when a positive voltage with 
respect to the first reference electrode is 
applied to the first control electrode, and 
a second power element (P2) comprising a 
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second control electrode and a second ref- 
erence electrode, said second power ele- 
ment being conductive when a negative 
voltage with respect to the second refer- 
ence electrode is applied to the second 5 
control electrode, 

said first and second reference electrodes 
being connected together, and said first 
and second control electrodes being con- 
nected together; w 

a control power source (V2); 
a power supply capacitor (C1) being charged 
by an output voltage of the control power 
source (V2); ^ 
an input signal processor (13) for receiving a 
command signal which controls turning on and 
off said power elements and for producing pre- 
determined logic signals; 

a predrive circuit (1 7) having: 20 

a first output driver (37x) comprising a pair 
of switching elements (Q11.Q12) serially 
connected between terminals of the power 
supply capacitor for controlling a voltage 25 
applied to said first and second control 
electrodes, and 

a second output driver (37y) comprising a 
pair of switching elements (Q13,Q14) seri- 
ally connected between terminals of the 30 
power supply capacitor (C1) for controlling 
a voltage applied to said first and second 
reference electrodes, 

said predrive circuit (17) driving the power 
circuit (1 1 ) by controlling turning on and off 35 
the switching elements in said first and 
second output drivers based on said logic 
signals from the input signal processor 
(13) to control a voltage between the first 
reference electrode and the first control 40 
electrode and a voltage between the sec- 
ond reference electrode and the second 
control electrode to predetermined values 
respectively; 

45 

a charging means (49) for sweeping current for 
charging the power supply capacitor (C1); and 
a charging path comprising a first path con- 
necting one end of the control power source 
(V2) and one end of the power supply capacitor 50 
(C1) through an output terminal (104) of the 
power circuit (11), and a second path connect- 
ing the other end of the power supply capacitor 
(C1) and the other end of the control power 
source (V2) through said charging means (49) , 55 

said power supply capacitor (C1) being 
charged by an output voltage from the con- 



trol power source (V2) passed via said 
charging path. 

6. The PWM inverter output circuit according to claim 
5, further comprising: 

a reference potential monitoring means (47) for 
monitoring a reference potential of the predrive 
circuit (17); and 

a charge control circuit (19) for controlling a 
charging current based on an output from the 
reference potential monitoring means (47) 
such that the power supply capacitor (C1) is 
charged using only a first charging current 
when the reference potential of the predrive cir- 
cuit (17) is not within a predetermined range, 
and is charged using at least a second charg- 
ing current when said reference potential is 
within a predetermined range; and, 

wherein said charging means (49) com- 
prises a first charging current device (Q33) for 
sweeping the first charging current, which is a 
minute current, and a second charging current 
device (Q31) for sweeping a second charging 
current that is greater than the first charging 
current. 

7. The PWM inverter output circuit according to daim 
5, further comprising: 

a capacitor voltage monitoring means (43) for 
monitoring both end voltages of the power sup- 
ply capacitor (C1); and 

a charge control circuit (19) for charging the 
power supply capacitor (C1) when both end 
voltages of the power supply capacitor (C1) are 
less than or equal to a predetermined value, 
and for ending charging the power supply 
capacitor (C1) when both end voltages of the 
power supply capacitor (C1) are greater than or 
equal to a predetermined value. 

8. The PWM inverter output circuit according to claim 

5, further comprising a voltage clamping means for 
voltage limiting, said voltage clamping means (ZD1) 
being disposed between an output terminal of the 
second output driver (37y) and said other end of the 
power supply capacitor (C1). 

9. The PWM inverter output circuit according to claim 

6, wherein the charge control circuit (19) further 
comprises a capacitor voltage monitoring means 
(43) for monitoring a voltage at each end of the 
power supply capacitor (C1), said charge control 
circuit (19) charging the power supply capacitor 
(C1) when said monitored voltage is less than or 
equal to a predetermined value based on an output 
from the capacitor voltage monitoring means (43), 
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and 

ending power supply capacitor charging 
when said monitored voltage is greater than or 
equal to a predetermined value. 

10. The PWM inverter output circuit according to claim 
8, wherein said voltage clamping means is a Zener 
diode (ZD1). 

1 1 . The PWM inverter output circuit according to claim 
7, wherein the charge control circuit (19) outputs a 
charging completion signal indicative of charging 
being completed when a monitored voltage of the 
power supply capacitor (C1) is greater than or 
equal to a predetermined value based on output 
from the capacitor voltage monitoring means (43). 

1 2. The PWM inverter output circuit according to any of 
claims 5, wherein said first path passes a switching 
element of said output drivers (37x,37y) where said 
switching element is connected to said one end of 
the power supply capacitor (C1). 

13. The PWM inverter output circuit according to claim 
12, wherein the charge control circuit (19) makes 
the switching element contained in said first path 
conductive when charging the power supply capac- 
itor (C1). 

1 4. The PWM inverter output circuit according to claims 
5, further comprising a parasitic prevention circuit 
(61,63) for connecting an output terminal (104) of 
the power circuit (1 1 ) and said one end of the power 
supply capacitor (C1), whereby said first path 
passes said parasitic prevention circuit (61,63). 

15. The PWM inverter output circuit according to claim 
14, wherein the parasitic prevention circuit (61) is a 
series circuit comprising a resistor (R11) and a 
diode (D11), said parasitic prevention circuit (61) 
being parallel connected to one of the switching 
elements of the second output driver (37y) and hav- 
ing a node between the resistor (R11) and diode 
(D11) connected to an output terminal (104) of the 
power circuit (11). 

1 6. The PWM inverter output circuit according to claim 
14, wherein the parasitic prevention circuit (63) 
comprises a diode circuit having a pair of 
diodes(D13,D15) parallel connected in opposite 
directions, and a diode (D1 1) serially connected to 
said diode circuit, said parasitic prevention circuit 
(63) being parallel connected to one of the switch- 
ing elements of the second output driver (37y) and 
having a node between the diode circuit and the 
diode (D1 1) connected to an output terminal (104) 
of the power circuit (11). 



17. A PWM inverter output circuit comprising: 

a main dc power source (V1); 
a power circuit (1 1) having: 

5 

a first power element (P1) comprising a 
first control electrode and a first reference 
electrode, said first power element being 
conductive when a positive voltage with 

10 respect to the first reference electrode is 

applied to the first control electrode, and 
a second power element (P2) comprising a 
second control electrode and a second ref- 
erence electrode, said second power ele- 

15 ment being conductive when a negative 

voltage with respect to the second refer- 
ence electrode is applied to the second 
control electrode, 

said first reference electrode and said sec- 
20 ond reference electrode being connected 

together, and said first control electrode 
and said second control electrode being 
connected together; 

25 a control power source (V2); 

a power supply capacitor (C1) being charged 
by an output voltage of said control power 
source (V2); 

an input signal processor (13) for receiving a 
30 command signal which controls turning on and 

off said power elements and for producing pre- 
determined logic signals; 
a predrive circuit (17) having: 

35 a first output driver (37x) comprising a pair 

of switching elements (Q11.Q12) serially 
connected between terminals of the power 
supply capacitor (C1) for controlling a volt- 
age applied to said first and second control 

40 electrodes, and 

a second output driver (37y) comprising a 
pair of switching elements (Q13.Q14) seri- 
ally connected between terminals of the 
power supply capacitor (C1) for controlling 

45 a voltage applied to said first and second 

reference electrodes, 

said predrive circuit (17) driving the power 
circuit (11) by controlling turning on and off 
the switching elements (Q11-Q14) in said 

so first and second output drivers (37x,37y) 

based on said logic signals from said input 
signal processor (13) to control respec- 
tively a voltage between said first control 
electrode and said first reference electrode 

55 and a voltage between said second control 

electrode and said second reference elec- 
trode to predetermined values; 
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a charging means comprising: 

an initial charging means for sweeping cur- 
rent for charging the power supply capaci- 
tor (C1) before a start of operation, and s 
a refresh charging means for sweeping 
current for charging the power supply 
capacitor (C1) after operation starts; and 

a charging path comprising a first path con- 10 
necting one end of the control power source 
(V2) and one end of the power supply capacitor 
(C1) through an output terminal (104) of a 
power circuit (11), and a second path connect- 
ing the other end of the power supply capacitor is 
(C1) and the other end of the control power 
source (V2) through said initial charging means 
or refresh charging means; 
said power supply capacitor (C1) being 
charged by an output vottage from the control 20 
power source (V2) passed via said charging 
path. 

18. The PWM inverter output circuit according to claim 

1 7, wherein the initial charging means comprises 25 

a reference potential monitoring means (47) for 
monitoring a reference potential of the predrive 
circuit (17), 

an auxiliary charging current means (CS2) for 30 
emitting a small current, and 
an initial charging current means (Q33) for 
emitting an initial charging current greater than 
said small current; 

whereby the power supply capacitor 35 
(C1) is charged using only the small current 
from the auxiliary charging current means 
(CS2) when the reference potential of the pre- 
drive circuit (17) is not within a predetermined 
range based on output from the reference 40 
potential monitoring means (47), and 
the power supply capacitor (C1) is charged 
using at least the initial charging current when 
the reference potential of the predrive circuit 
(1 7) is within a predetermined range. 45 

19. The PWM inverter output circuit according to claim 
1 7, wherein the refresh charging means comprises 

a reference potential monitoring means (47) for so 
monitoring a reference potential of the predrive 
circuit (17), and 

a main charging current means (Q31) for emit- 
ting a refresh charging current greater than a 
charging current of the initial charging means; ss 

whereby the power supply capacitor 
(C1) is charged using at least the refresh 
charging current when the reference potential 



of the predrive circuit (17) is within a predeter- 
mined range based on output from the refer- 
ence potential monitoring means (47). 

20. The PWM inverter output circuit according to claim 
17, further comprising a capacitor voltage monitor- 
ing means (43) for monitoring both end voltages of 
the power supply capacitor (C1); and 

wherein at least one of the initial charging 
means and the refresh charging means, during 
their respective charging operations, charges the 
power supply capacitor (C1) when both end volt- 
ages of the power supply capacitor (C1) are less 
than or equal to a predetermined value, and ends 
charging the power supply capacitor (C1) when 
both end voltages of the power supply capacitor 
(C1) are greater than or equal to a predetermined 
value, based on an output of the capacitor voltage 
monitoring means (43). 

21. The PWM inverter output circuit according to claim 
17, further comprising a voltage clamping means 
for voltage limiting, said voltage clamping means 
being disposed between an output terminal of the 
second output driver (37b) and said other end of the 
power supply capacitor (C1). 

22. Tne PWM inverter output circuit according to claim 
21 , wherein the voltage clamping means is a Zener 
diode (ZD1). 

23. The PWM inverter output circuit according to claim 
20, wherein the charge control circuit (19), during 
initial charging, outputs a charging completion sig- 
nal indicative of charging being completed when 
both end voltages of the power supply capacitor 
(C1) are greater than or equal to a predetermined 
value, based on an output of the capacitor voltage 
monitoring means (43). 

24. A PWM inverter output circuit comprising: 

a main dc power source (V1); 
a power circuit (11) having: 

a first power element (P1) comprising a 
first control electrode and a first reference 
electrode, and being conductive when a 
positive voltage with respect to the first ref- 
erence electrode is applied to the first con- 
trol electrode, and 

a second power element (P2) comprising a 
second control electrode and a second ref- 
erence electrode, and being conductive 
when a negative voltage with respect to the 
second reference electrode is applied to 
the second control electrode, 
said first and second reference electrodes 
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being connected together, and said first 
and second control electrodes being con- 
nected together; 

a control power source (V2); 5 
a power supply capacitor (C1) being charged 
by an output voltage of the control power 
source; 

an input signal processor (13) for receiving an 
command signal which controls turning on and 10 
off said power elements and for producing pre- 
determined logic signals; 
a predrive circuit (17) having: 

a first output driver (37a) comprising a pair 15 
of switching elements (Q11.Q12) serially 
connected between terminals of the power 
supply capacitor for controlling said first 
and second control electrodes, and 
a second output driver (37b) comprising a 20 
pair of switching elements (Q13.Q14) seri- 
ally connected between terminals of the 
power supply capacitor for controlling said 
first and second reference electrodes, 
said predrive circuit (17) driving the power 25 
circuit by controlling turning on and off the 
switching elements (Q11-Q14) in said first 
and second output drivers based on said 
logic signals from the input signal proces- 
sor (17) to control respectively a voltage 30 
between said first control electrode and 
said first reference electrode and a voltage 
between said second control electrode and 
said second reference electrode to prede- 
termined values; 35 
a bypass circuit (41) for forming an alterna- 
tive path through whkdi current flowing to a 
switching element (Q13) is rerouted when 
said bypass circuit is on. 

40 

said switching element (Q13) being 
part of a charging path used for power 
supply capacitor charging, and 
the bypass circuft (41) being parallel 
connected to the switching element in 45 
the direction of current flow through 
the switching element; and 

a bypass control circuit (42a,42b) for turn- 
ing the bypass circuft (41) on when the so 
switching element cannot form a charging 
path because of the low voltage between 
terminals of the power supply capacitor 
(C1). 

55 

25. A PWM inverter output circuit comprising: 
a main dc power source (V1); 



a power circuit (11a) having: 

a first power element (P1 1) comprising a 
first control electrode and a first reference 
electrode, and being conductive when a 
predetermined voltage with respect to the 
first reference electrode is applied to the 
first control electrode, and 
a second power element (P12) comprising 
a second control electrode and a second 
reference electrode, and being conductive 
when a predetermined voltage with 
respect to the second reference electrode 
is applied to the second control electrode; 

a control power source (V2); 
a power supply capacitor (C1) charged using 
an output voltage of the control power source; 
an input signal processor (13a) for receiving a 
command signal which controls turning on and 
off said power elements and for producing a 
predetermined plurality of logic signals; 
a first predrive (17a) circuit comprising: 

a state detection circuit (34a) for detecting 
a requested control state from a combina- 
tion of the plurality of logic signals output 
from the input signal processor (13a), 
a latch circuit (RS4) for holding a control 
state detected by the state detection circuit 
(34a), and 

an output driver (37a) comprising a pair of 
switching elements (Q61.Q62) serially 
connected between terminals of the power 
supply capacitor (C1) for controlling a volt- 
age between the first control electrode and 
the first reference electrode, 
said output driver (37a) driving said first 
power element (P1 1 ) using the power sup- 
ply capacitor (C1) as a power source by 
controlling turning on and off said switch- 
ing elements (Q61.Q62) based on said 
requested control state held by the latch 
circuit (RS4) to control a voltage between 
the first control electrode and the first refer- 
ence electrode and a voltage between the 
second control electrode and the second 
reference electrode; and 
a second predrive circuit (17b) for driving 
the second power element (P12) by con- 
trolling a voltage applied to said second 
control electrode and a voltage applied to 
said second reference electrode to a pre- 
determined values based on said logic sig- 
nals. 

26. A PWM inverter output circuit comprising: 
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a main dc power source (VI); 
a power circuit (1 1a) having: 

a first power element (P11) comprising a 
first control electrode and a first reference s 
electrode, said first power element being 
conductive when a predetermined voltage 
with respect to the first reference electrode 
is applied to the first control electrode, and 
a second power element (P 1 2) comprising 1 o 
a second control electrode and a second 
reference electrode, and being conductive 
when a predetermined voltage with 
respect to the second reference electrode 
is applied to the second control electrode; is 

a control power source (V2); 
a power supply capacitor (C1) being charged, 
by an output voltage of the control power 
source; 20 
an input signal processor (13a) for receiving an 
input command signal which controls turning 
on and off said first and second power ele- 
ments (P 11 , P 1 2) and for producing a predeter- 
mined plurality of logic signals; 25 
a first predrive circuit (17a) comprising an out- 
put driver (37a) having a pair of switching ele- 
ments (Q61 ,Q62) serially connected between 
terminals of the power supply capacitor (C1), 

30 

said first predrive circuit (1 7a) driving said 
first power element (P11) by controlling 
turning on and off said switching elements 
(Q61.Q62) based on said logic signal to 
set a voltage between said first control 35 
electrode and said first reference electrode 
to a predetermined value; 

a second predrive circuit (17b) for driving the 
second power element (P12) by controlling a 40 
voltage applied to said second control elec- 
trode and a voltage applied to said second ref- 
erence electrode to predetermined values 
respectively based on said logic signal; 
a charging means (49) for sweeping current for 45 
charging the power supply capacitor (C1); and 
a charging path comprising a first path con- 
necting one end of the control power source 
(V2) and one end of the power supply capacitor 
(C1) through an output terminal (104) of a so 
power circuit (11a), and a second path con- 
necting the other end of the power supply 
capacitor (C1) and the other end of the control 
power source (V2) through said charging 
means (49), said power supply capacitor (C1) 55 
being charged by an output voltage from the 
control power source (V2) passed via said 
charging path. 



A PWM inverter output circuit comprising: 

a main dc power source (V1 ) ; 
a power circuit (11a) having 

a first power element (P11) comprising a 
first control and a first reference electrode, 
and being conductive when a predeter- 
mined voltage with respect to the first refer- 
ence electrode is applied to the first control 
electrode, and 

a second power element (P12) comprising 
a second control electrode and a second 
reference electrode, and being conductive 
when a predetermined voltage with 
respect to the second reference electrode 
is applied to the second control electrode; 

a control power source (V2); 
a power supply capacitor (C1) charged using 
an output voltage of the control power source; 
an input signal processor (13a) for receiving a 
command signal which controls turning on and 
off said power elements and for producing pre- 
determined logic signals; 
a first predrive circuit (1 7a): 

comprising a first output driver (37a) hav- 
ing a pair of switching elements (Q61 ,Q62) 
serially connected between terminals of 
the power supply capacitor (C1), and 
driving said first power element (P1 1) by 
controlling turning on and off the switching 
elements (Q61.Q62) based on said logic 
signals to set a voltage between said first 
control electrode and said first reference 
electrode to a predetermined value; 

a second predrive (1 7b) circuit for driving the 
second power element (P12) by setting a volt- 
age between said second control electrode and 
said second reference electrode to a predeter- 
mined value based on said logic signals; 
a charging means (49) comprising: 

an initial charging means (Q33) for sweep- 
ing current for charging the power supply 
capacitor before a start of operation, and 
a refresh charging means (Q31) for sweep- 
ing current for charging the power supply 
capacitor after operation starts; and 

a charging path comprising: 

a first path connecting one end of the con- 
trol power source (V2) and one end of the 
power supply capacitor (C1) through an 
output terminal (104) of said power circuit 
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(11a), and 

a second path connecting the other end of 
the power supply capacitor (C1) and the 
other end of the contooi power source 
through said charging means, 
said power supply capacitor (C1) being 
charged by an output vdBage from the con- 
trol power source (V2) (passed via said 
charging path. 

28. A PWM inverter output circuit connprising: 



29. 



10 



element (Q61) in the direction of cunent flow 
through the switching element (Q61); and 
a bypass control circuit (42a,42b) for turning 
the bypass circuit (41) on when the switching 
element (Q61) cannot form a charging path 
because of the low voltage between terminals 
of the power supply capacitor (C1). 

The PWM inverter output circuit according to any 
one of claims 1 or 25, wherein one power element 
(P1 ,P2,P1 1 ,P12) is a power MOSFET. 



a main dc power source (V1fr 
a power circuit (1 1a) having 

a first power element (P11) comprising a 
first control electrode and a first reference 
electrode, and being conductive when a 
predetermined voltage wfih respect to the 
first reference electrode as applied to the 
first control electrode, and 
a second power element CP 12) comprising 
a second control electrode and a second 
reference electrode, and: toeing conductive 
when a predetermined voltage with 
respect to the second reference electrode 
is applied to the second oontrol electrode; 

a control power source (V2); 

a power supply capacitor (CI) being charged 

by an output voltage of thie control power 

source; 

an input signal processor (13a) for receiving a 
command signal which controls turning on and 
off said power elements (P1 tJP12) and for pro- 
ducing predetermined logic annals; 
a first predrive circuit (17a) comprising a first 
output driver (37a) having a pair of switching 
(Q61.Q62) elements seaally connected 
between terminals of the powaer supply capaci- 
tor (C1), and driving said first power element 
(P11) by controlling turning on and off the 
switching elements (Q61.Q62) based on said 
logic signals to set a voltage fcetween said first 
control electrode and said reference electrode 
to a predetermined value; 
a second predrive circuit (175b) for driving the 
second power element (P 12) fey setting a volt- 
age between said second conttrol electrode and 
said second reference electrode to a predeter- 
mined value based on said logic signals; 
a bypass circuit (41) for forming an alternative 
path through which current flowing to a switch- 
ing element (Q61) is rerouted -when the bypass 
circuit (41) is on, said switching element (Q61) 
being part of a charging pa* used for power 
supply . capacitor charging, said bypass circuit 
(41) being parallel connected to the switching 



30. The PWM inverter output circuit according to any 
one of claims 1 or 25, wherein one power element 
75 comprises: 

a power MOSFET (Q51.Q52); 
a first diode (D21,D25) series connected to 
said power MOSFET (Q51 ,Q52) in the conduc- 
20 tion direction of said power MOSFET for pre- 

venting reverse current conduction in said 
power MOSFET; and 

a second diode (D23.D27) parallel connected 
to a series circuit comprising said power MOS- 
25 FET (Q51.Q52) and said first diode (D21.D25), 

the conduction direction of said second diode 
(D23.D27) being opposite that of said series 
circuit. 



30 31. The PWM inverter output circuit according to any 
one of claims 1 or 25, wherein one power element 
comprises an insulated gate bipolar transistor 
(IGBT) (Q53.Q54), and a diode (D31,D33) con- 
nected parallel to and opposite the conduction 

35 direction of the IGBT. 
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